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The work in this thesis presents a taxonomic study 
of some cyst nematodes found in India together with 
some studies on the effect of water hyacinth and their 
host plant on activity and osmoregulation. 
Taxonomy 
Samples of soil and roots were collected from 
cereal crops, vegetaable crops and grasses from 
various parts of the states of Rajasthan, Uttar 
Pradesh, Andhra Pradesh, Bihar and Meghalaya. Out of 
twenty one known species recorded from the country, 
eight species were collected. Of these six species 
have been described in detail and two species on the 
basis of limited population. In addition, three new 
species have been described besides several new hosts 
and a new record has been established. Statistical 
analysis of morphometric and allometric characters of 
three species (H. avenae, H. zeae and H. mothi) was also 
carried out to understand their degree of variation. 
The known species 
1 . Heterodera avenae 
2 . Heterodera iri 
3 . Heterodera cajani 
4 . Heterodera oryzicola 
5 . Heterodera trifolii 
6 . Heterodera zeae 
7 . Heterodera graminis 
8 . Heterodera mothi 
The new species 
1 . Heterodera hrassicae 
2 . Heterodera neocajani 
3 . Heterodera variabilis 
The new record from India 
1. Heterodera mani 
The new hosts 
Heterodera iri 
2 . Heterodera mani 
Heterodera cajani 
Barley {Hordeuw vulgare). 
Maize {Zea mays) 
Black gram (Phaseolus mungo), 
millet {Sorghum vulgare) and 
sugarcane {Saccharum officin-
arum) . 
4. Heterodera trifolii- Salad (Lactuca sativa L.) 
5. Heterodera zeae -mustard (Brassica campest-
ris), spinach (Spinacia 
oleracea)and wheat {Triticum 
aestivum) . 
In H. avenae minor differences occured between the 
two populations obtained from different hosts and also 
betwen our population and the original description. 
Variations were observed in size of females,- vulval 
slit in cyts; spicules, a and b values in males; and 
size of second stage juveniles. The morphometric and 
allometric variations revealed that stylet, median 
bulb width, and L/W ratio of females; cyst length, 
•-Ailval slit length and FL/FW ratio of cysts; size of 
body, stylet, distance of median bulb from anterior end 
and spicules of males; and size of body, stylet, 
pharynx, tail, hyaline tail, anal body width and b 
value of second stage juveniles are relatively stable 
characters. 
H. iri cysts are lemon or spherical shaped with a 
small posterior protruberance, ambifenestrate vulval 
cone, short vulval slit, rectangular vulval bridge, 
dark brown bullae, vulval denticles, prominent 
underbridge which is thick in the centre, posture in 
males are somewhat an open c-shaped with body showing 
an angular bend in the middle upon fixation; deeply 
concave spear knobs and four lateral lines in second 
stage juveniles. 
Variations were observed in vulval bridge width, 
presence of bullae-like structures in the anterior 
region of cysts,- body size and lateral fields in males; 
body and tail size and lateral fields in second stage 
juveniles. 
H. wani has been recorded in this country for the 
first time and that too from new host, maize (Zea ways) . 
Minor differences were observed in body size and 
lateral fields in second stage juveniles. Males were 
not found. 
H. cajani was collected from different hosts. The 
characteristics features of this species is ambifnestrate 
vulval cone, long vulval slit, well developed 
cuticularized underbridge, prominent bullae of differ-
ent shapes, sizes and arrangement; they may be rounded 
or finger like, small or larged, and at two or three 
levels, above, below or at the level of underbridge. 
H. oryzicola was collected from sugarcane, in 
Bihar and characterized by ambifenestrate fenestra, 
well formed basin, long vulval slit, weak underbridge, 
small rounded bullae, prominent vulval denticles and 
presence of anal bulla in cysts,- stylet with 
anteriorly directed knobs, non-areolated three lateral 
lines, conoid tail with pointed terminus and hyaline 
tail about 60% of tail length in second stage 
juveniles. Minor differences occur from the original 
description in the measurements of few characters, 
viz., greater fenestral length and smaller underbridge 
length in cysts,- smaller body and c value and greater 
a value in males; and longer body and hyaline tail and 
greater a value in second stage juveniles. 
H. trifolii belongs to schachtii group and is 
characterized by very strong underbridge and periph-
eral bullae in cysts,- robust stylet with anteriorly 
directed basal knobs and non-areolated lateral fields 
with four lines in second stage juveniles. 
Minor variations occur in length and depth of 
underbridge. In addition, some specimens had an 
underbridge slightly oblique to the vulval axis. 
H. zeae is one of the most common species. Vulval 
cones are typical with long finger-like bullae, 
located at two levels; level one immediately below the 
underbridge and having four long thick finger like 
bullae projecting inwards forming a cross at the 
centre; level two a mass of fine, branched bullae 
randomly located and projecting inwards. 
The species was collected from four different 
hosts and those from mustard and spinach were generally 
smaller than the other specimens obtained from barley 
and wheat and also from the original measurements. 
Analysis of mdrphometric and allometric variations 
showed that stylet of females; vulval slit length, 
vulval bridge length, fenestral length, basin length 
and basin width of cysts; stylet, procorpus, distance 
of median bulb from anterior end, spicules, gubernaculum, 
and lip width/lip height ratio of males; body length, 
body width, stylet, tail, b value and c value of second 
stage juveniles were least variable. 
H. graminis has a prominent underbridge in cysts; 
stylet with anteriorly directed basal knobs, and 
lateral fields with three non areolated lines in second 
stage juveniles. 
The measurements of the specimens by and large 
agree with original descriptions. However, minor 
differences were recorded in body size and L'/W ratio 
in females; underbridge size in cysts; body length, a 
value, and stylet and spicules length in males; c value 
and stylet and tail length in second stage juveniles. 
H. mothi is characterized by a small vulval slit 
length, weak and thin vulval bridge, thin and weak 
underbridge, presence of bullae, well marked cuticular 
pattern around anus in cysts; well developed stylet 
with somewhat anchor-shaped stylet knobs and non-
areolated lateral fields with 3-4 lines in second stage 
juveniles. 
Statistical analysis revealed that the least 
variable and more consistent characters are stylet 
length, distance of median bulb from anterior end, and 
L'/W ratio in females; vulval slit length, vulval 
bridge length, underbridge size, basin size, FL/FW 
ratio and L'/W ratio in cysts; body size, stylet, 
spicules and b' value in males; body size, distance of 
median bulb from anterior end, tail, a value and c value 
in second stage juveniles. 
H. brassicae sp.n. was collected from mustard and 
resembles H. avenae, H. iri and H. mani. This species 
has a small vulval slit, rectangular vulval bridge, 
ambifenestrate fenestration, moderate cuticularized 
underbridge, prominent vulval denticles and heavy, 
rounded dark brown bullae in vulval cone of the cysts; 
anteriorly directed basal knobs, four areolated 
lateral lines, conoid tail with bluntly rounded 
terminus, and hyaline tail about 57-69% of tail in 
second stage juveniles. 
H. neocajani sp.n. resembles H. cajani. The cysts 
are light, dark brown, lemon-shaped, long vulval slit 
extending upto the vulval bridge extremities, 
ambinfenestrate fenestration, semifenestrae semicir-
cular with greatest diameter parallel to vulva, simple 
and moderate underbridge, bullae absent or few in 
number. The second stage juveniles with slightly 
concave stylet knobs, two non-areolated lateral lines, 
conoid tail with pointed terminus and hylaine tail 42-
51% of tail length. The males were not found. 
H. variabilis sp.n. resembles H. mothi, H. cyperi 
and H. graminis. The females of this species are 
characterized by an elongate body, long protruding 
neck usually bent at an angle to the long axis of the 
body or recurved backwards. The cysts are character-
ized by an elongate body, ambifenestrate vulval cone 
with a thin vulval bridge, long vulval slit, well 
developed vulval denticles, prominent underbrige and 
dark brown, heavy bullae. The males of this species 
have rounded stylet knobs sloping posteriorly, hemizonid 
8-9 annules anterior to excretory pore, non-areolated 
lateral fields with three lines and arcuate spicules 
with bidentate tips. The second stage juveniles have 
rounded and posteriorly sloping stylet knobs, three 
non-areolated lateral lines, elongate conoid tail with 
pointed terminus and hyaline tail equal to or less than 
half of tail length. 
Osmotic behaviour 
In leaf, root and stem extracts of water hyacinth 
H. avenae, H. mothi and H. zeae juveniles showed a 
tendency to lose body fluid in all concentrations. The 
maximum reduction of body volume was occured in high 
concentrations of leaf extracts and then in root 
extracts of water hyacinth. The stem extracts exerted 
the minimum effect as compared to leaf and root 
extracts of water hyacinth. 
/a 
Root extracts of the host plants (wheat, weed 
grass and maize) of H. avenae, H. mothi and H. zeae had 
no significant effect on the juveniles. In root 
extract of wheat, the change in body volume of H. avenae 
juveniles vaired between narrow limits of 2-3.5% only. 
Maximum reduction in body volume of H. mothi juveniles 
in root extracts of weed grass was about 2%. In root 
extracts of maize, H. zeae juveniles showed a maximum 
reduction in body volume of about 12% in a solution of 
1:200 . 
In all the extracts, the activity was closely 
correlated with changes in body volume. The greater 
the reduction in body volume, the more reduced the 
activity. The activity was completely reduced in H. 
avenae in high concentrations of leaf and root extracts 
while H. mothi and H. zeae juveniles remained active, 
though to a lesser degree, in all concentrations of 
extracts. Among the three species H. zeae was more 
active. 
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INTRODUCTION 
The nematodes are highly diversified, and perhaps 
the most widely distributed multicellular animals on 
earth. They occur in almost every conceivable habitat 
: marine, freshwater, terrestial. In fact they can be 
found in all situations where there is sufficient 
moisture and a source of organic food supply. Some 
species can even survive at temperatures below 
freezing point while others occur in waters of hot 
springs. Soil nematodes generally can be categorised 
into several orders, the more important ones being 
Tylenchida Thorne, 194 9; Dorylaimida Pearse, 1942; 
Mononchida Jairajpuri, 1969; Rhabditida (Oerley, 1880) 
Chitwood, 1933; Enoplida (Baird, 1853) Chitwood, 1933. 
The major nematode pests of agriculture throughout the 
world are generally those showing remarkable and 
efficient parasitic adaptations. Some of the more 
highly evolved and economically important plant 
parasites belong to the order Tylenchida. Phytophagus 
tylenchs, depending on the mode of parasitism, may be 
conveniently classified as ectoparasites if they feed 
on plant cells from outside or endoparasites if they 
migrate into the plant tissues and then feed on the 
cells. Both these forms of parasites may be further 
classified as migratory ectoparasites, if they show 
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mobility along the roots, or migratory endoparasites 
if they show mobility within the plant tissues. Where 
mobility is very restricted or completely lost, these 
phytoparasites are classified as sedentary ectoparasite 
or sedentary endoparasite. It is the last group of 
sedentary endoparasites that are considered to be the 
most highly evolved, eg. Meloidogyne, Tylenchulus, 
Globodera, Heterodera, etc. 
The family Heteroderidae belongs to the order 
Tylenchida and has three subfamilies of which 
Heteroderinae is distinguished by the formation of 
cysts in females, a phenomenon that does not occur in 
other subfamilies. Parasitism by these nematodes causes 
gross reduction in the quality and quantity of yield. 
Besides yield reduction, the nematodes also indirectly 
cause significant losses by increasing the costs of 
production through increased maintenance cost of 
infested fields and additional expenses incurred in 
nematode management practices (Cohn, 1972). Control 
of these nematodes also is more difficult because of 
the formation of cysts wherein the eggs and larvae are 
retained and remain viable for a number of years. This 
group of nematodes, consequently, have received much 
attention from nematologists. The first report of a 
2 
cyst nematode attacking a sugarcane in the tropics was 
from the Hawaiin Islands (Muir and Henderson, 1926). 
This Heterodera species has not been reported again 
in the Hawaiin sugarcane plantations. Thirty five 
years later, two tropical Heterodera species, viz, H. 
oryzae Luc & Berdon-Brizuela, 1961 and H. sacchari Luc 
and Merny, 1963 were described. 
The nematodes like Heterodera, Globodera, Cactodera, 
Punctodera, Dolichodera and Afenestrata show a pronounced 
sexual dimorphism and the formation of cyst. The males 
of these species are vermiform with abursate tails, 
while the females are sedentary, swollen and turns its 
cuticle into a hard-walled protective cyst. The colour 
of the cysts changes from white to various shades of 
brown with maturity and is brought about by the 
activity of polyphenol oxidase (Ellenby, 1946 a,b). 
The egg sac is probably secreted in most, possibly all, 
cyst nematode species (Hesling, 1978) . Usually the 
eggs are retained in the cyst and in some species they 
are deposited in the egg sac and remain viable for a 
number of years. The eggs and subsequently the hatched 
juveniles lie quiescent in the cyst cavity till 
suitable environmental conditions occur for the 
emergence of the juveniles. The second stage juveniles 
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hatch as the infective stage and occur as a free living 
stage in the soil as they make their way about searching 
for roots to infect. 
The second stage juveniles insert their stylet 
into the cell leading to the development of a plug 
(Endo, 1978) . The wall near the plug gets thickened 
progressively followed by dissolution of the cell 
wall. Dissolution of the cell walls occurs at the pit 
fields and appears to be the formation of syncytium 
(Gipson et al. , 1969). Detailed studies of the life 
cycle of G. rostochiensis, H. schachtii and H. 
cruciferae were given by Chitwood and Buhrer (1946) and 
Raski (1950) . In females all the larval stages are 
separated by distinct, complete moults. The third and 
fourth stage juveniles have well developed spears and 
continue to grow and enlarge. The outer root tissues 
ruptures under the pressure of the enlarging parasites 
within, so that these burst through to the surface, and 
are now attached only by the head end which remains 
embedded in the root tissue and its posterior is 
exposed. The females continue to feed and enlarge but 
the males escape from the final larval cuticle, 
presumably to seek out and fertilize the females. 
The first plant parasitic nematode considered of 
economic importance was a cyst forming nematode 
observed by Schacht (1859) in Germany. Twelve years 
later, Schmidt (1871) described it as Heterodera 
schachtii, the sugar- beet nematode. Because of the 
importance of the beet crop, extensive research was 
done on its life cycle and control. Kuehn (1881) 
demonstrated the first chemical treatment against H. 
schachtii and also observed the potato cyst nematode 
but considered it to be the same as H. schachtii. 
Filipjev, 1934 proposed the family name 
Heteroderidae. Chitwood, in Chitwood and Chitwood 
(1950), considered the subfamilies Heteroderinae, 
Hoplolaiminae and Nacobbinae under Heteroderidae. 
Paramonov (1967) and Wouts and Sher (1971) recognized 
two subfamilies Heteroderinae and Meloidogyninae under 
Heteroderidae. Golden (1971) proposed the superfamily 
Heteroderoidea containing two families, Heteroderidae 
with three subfamilies Heteroderinae, Meloidoderinae 
and Meloidogyninae and Nacobbidae with two subfamilies 
Nacobbinae and Rotylenchulinae. 
Wouts and Sher (1971) redefined Heteroderidae and 
distinguished three groups of genera ; group one 
included Meloidodera and Cryphodera with annulated 
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female cuticle, group two included cyst-forming 
Heterodera and Sarisodera and group three the non-cyst 
forming Atalodera. On the basis of these groups, Wouts 
(1973) separated Meloidogyninae from Heteroderidae and 
recognized two independent families. Heteroderidae 
with three subfamilies Heteroderinae, Meloidoderinae 
and Ataloderinae, and Meloidogynidae, both under the 
Superfamily Tylenchoidea. Andrassy (1976) placed 
Heteroderinae, Meloidoderinae and Meloidogyninae in 
Heteroderidae under superfamily Hoplolaimoidea. Krall 
and Krall (1978) proposed the families Meloidoderidae 
and Ataloderidae but these have not gained universal 
acceptance. Hooper (1978) recognized Heteroderidae 
and Meloidogynidae as separate families and the 
subfamilies proposed by Wouts (1973), and included 
them in the superfamily Heteroderoidea. He, however, 
excluded Nacobbidae and Rotylenchulidae from the 
superfamily Heteroderoidea. Stone (1978) provided a 
detailed review of the taxonomy of the group and upheld 
the superfamily Heteroderoidea for Heteroderidae and 
Meloidogynidae with subfamilies Heteroderinae, 
Meloidoderinae and Ataloderinae in Heteroderidae. 
Subsequently, Krall & Krall (1978) proposed another 
subfamily Punctoderinae for the cyst forming genus 
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Punctodera while Coomans (1978) proposed the subfamily 
Cryphoderinae and Esser (1981) proposed Verutinae for 
the non-cyst forming genera Cryphodera and Verutus 
respectively. At this time, the rate of proliferation 
of subfamily taxa in the Heteroderidae was accelerating. 
Luc et al. (1978) were against any sub-divisions of the 
family Heteroderidae, when they described the genus 
Hylonema, which shared the characters of the subfamilies 
Ataloderinae, Heteroderinae and Meloidoderinae and 
subsequently no logical subfamilial structure could be 
devised until further research provided a solution. 
Wouts and Sher (1971) ; Stone (1975) ; Husain 
(1976); Hesling (1978); Coomans (1979); Ferris (1979, 
85); Stone (1985); Wouts (1985) and Luc et al. (1988) 
discussed the phylogenetic inter-relationships of 
heteroderid nematodes. The Heteroderids are generally 
supposed to have evolved from the present day members 
of Hopolaimoidea. 
Coomans (1979) subdivided Meloidoderinae into two 
tribes ; Meloidoderini (plesiomorphic group with 
equitorial vulva) and Cryphoderini (apomorphic group 
with terminal or subterminal vulva), and Heteroderinae 
also into two tribes ; Heteroderini (apomorphic group 
with terminal or subterminal vulva) and Ataloderini 
(plesiomorphic group with no cyst stage). Luc et al. 
(1986) proposed the phylogenetic relationships between 
the genera of Heteroderidae on the basis of 18 
characters considered plesiomorphous and apomorphous. 
Siddiqi (1986) placed the cyst-forming nematodes 
under the superfamily Hoplolaimoidea but Luc et al. 
(1988) retained them under the superfamily Tylenchoidea 
and considered heteroderids and meloidogynids in a 
single family Heteroderidae, which was redefined to 
include three subfamilies Heteroderinae, Meloidogyninae 
and Nacobboderinae. The subfamily Heteroderinae 
included Heterodera Schmidt, 1871 as type genus, 
Meloidodera Chitwood, Hannon and Esser, 1956; Giobodera 
Skarbilovich, 1959 ; Cryphodera Colbran, 1966; Atalodera 
Wouts and Sher, 1971 ; Sarisodera Wouts and Sher, 1971 
; Punctodera Mulvey and Stone, 1976; Cactodera Krall 
and Krall, 1978; Dolichodera Mulvey and Ebsary, 1980; 
Verutus Esser, 1981; Rhizonema Cid del Prado Vera, 
Lownsbery and Maggenti, 1983; Afenestrata Baldwin and 
Bell, 1985 and BelloderaWouts, 1985. The subfamily 
Meloidogyninae included Meloidogyne Goeldi, 1892 
while Nacobboderinae included Nacobbodera Golden and 
Jensen, 1974, Meloinema Choi and Geraert, 1974, and 
Bursadera Iranova and Krall, 1985. 
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Recently, Krall (1990) gave different approaches 
to and recent development in the systematics and co-
evolution of the family Heteroderidae with host 
plants. 
Until 1970 all cyst nematodes were in a single 
genus, Heterodera Schmidt, 1871 and classified into 
groups e.g. schachtii group, rostochiensis group etc. 
With the increasing number of species this informal 
classification caused some confusion, which was partly 
resolved when Heterodera was formally reorganised by 
Mulvey and Stone (1976). Earlier Behrens (1975) had 
raised the subgenus Glohodera Skarbilovich, 1959 to 
genus level. Mulvey and Stone (1976) made the same 
revision in ignorance of Behrens' action and split it 
into three genera viz. Heterodera Schmidt, 1871, 
Globodera Skarbilovich, 1959, Punctodera Mulvey and 
Stone, 1976. The genus Punctodera was proposed on the 
basis of circumfenestrate vulva and anal fenestration 
and absence of a posterior protuberance. 
Krall and Krall (1978) proposed two new genera 
Bideraand Cactodera mainly on the basis of fenestration. 
Bidera was proposed for bifenestrate Heterodera 
species with a vulval slit upto 25 um. Mulvey and Golden 
(1983) synonymised Bidera with Heterodera but accepted 
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Cactodera as a distinct genus on the basis of 
circumfenestrate fenestra. However, Wouts (1985) 
recognised the genus Bidera. 
Ephippiodera was proposed by Shagalina and Krall 
(1981) for the species of avenae group of Heterodera 
with circular semifenestrae widely separated by a 
vulval bridge > 18 um wide, vulval slit < 10 um and a 
saddle shaped depression between the semifenestrae. 
This genus, however, was not accepted by Stone (1985), 
and Wouts (1985) synonymised it with Bidera. 
Sarisodera Wouts and Sher, 1971 was originally 
described as a cyst-forming nematode. Baldwin and Bell 
(1985) investigated two species viz., S. hydrophila 
Wouts and Sher, 1971 and S. africana Luc et al., 1973, 
and found that the females of S. hydrophila do not 
develop into cyst. On this basis Baldwin and Bell 
(1985) amended the diagnosis of Sarisodera to accommodate 
the non-cyst forming S. hydrophila alone and proposed 
the genus Afenestrata for the cyst forming S. africana. 
Of the six genera of cyst-forming nematodes 
recognized in the subfamily Heteroderinae (Luc et al., 
1986), only three have been recorded from India viz., 
Heterodera, Globodera and Cactodera. In all, 21 
species are known to occur in this country. Of these, 
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seventeen species are of Heterodera, two of Globodera 
and one of Cactodera. Some of the species of cyst 
forming nematode are associated with economically 
important agricultural crops. 
In India, the first plant parasitic nematode 
{Meloidogyne) was reported by Barber (1901) on roots 
of tea. Butler (1913) presented a detailed report on 
"Ufra" disease of rice caused by Ditylenchus angustus 
and Dastur (1936) reported the foliar nematode of rice, 
Aphelenchoides besseyi as a serious menace to rice crop 
in central India. Vasudeva (1958) first reported a 
cyst-forming nematode, H. avenae, from India which 
commonly causes the "Molya" disease of wheat and 
barely in Sikar district of Rajasthan state. Later 
it was again reported from the same area by Prasad at 
al. (1959) . Originally this species was first noticed 
as a parasite of cereals in Germany by Kuhn as early 
as in 1874. He regarded it a form of H. schachtii. In 
1908 it was named H. schachtii var avenae by Mortensen, 
Rostrup and Kolpin Rav. A brief description of its 
cysts was given by Wollenweber (1924) . Schmidt (1930) 
observed that larvae of the oat nematode were larger 
than those of sugar-beet nematode and named it as H. 
schachtii subsp. major. Subsequently, it was named H. 
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major by Franklin (1940). Williams and Siddiqi (1972) 
provided more detailed information on all stages of 
this species. 
After H. avenae, the pigeon-pea cyst nematode, H. 
cajani Koshy (1967) is the most studied Heterodera 
species in India. This species, of the schachtii group, 
was first reported as H. trifolii in pigeon-pea 
{Cajanus cajan) fields of the lARI at New Delhi, India 
by Swarup et al. (1964). It was described later as H. 
cajani by Koshy (1967). Another species closely 
related to H. cajani was H. vigni recorded from cowpea 
{Vigna unguiculata) in Allahabad, district of Uttar 
Pradesh by Edward and Misra (1968) . Later it was 
synonymised with H. cajani by Kalha and Edward (1979) . 
H. zeae Koshy, Swarup and Sethi, 1971 was found 
associated with maize {Zea ways) at Chapli, Rajasthan, 
India. This species is widely distributed throughout 
India and now it has been reported from Andhra Pradesh, 
Bihar, Gujrat, Madhya Pradesh, Punjab, Rajasthan, 
Uttar Pradesh and Karnataka (Koshy et al. 1971; Koshy 
and Swarup, 1971 a ; Srivastava and Swarup, 1975; 
Dareker et al. 1981; Narayanaswamy, et al., 1982). H. 
zeae is considered to be one of the most economically 
important nematodes attacking cereals in India (Sharma 
and Swarup, 1984) . 12 
Some other Heterodera species recorded from India 
on grasses, weeds, vegetable crops or other hosts are 
H. oryzicola Roa and Jayaprakash, 1978; H. sorghi Jain, 
Sethi, Swarup and Srivastava, 1982 ; H. sacchari Luc 
and Merny, 1963; H. mothi Khan and Husain, 1965; H. 
graminis Stynes, I97i; H. cyperi Golden, Rau and Cobb, 
1963; H. rasJcii Basnet and Jayaprakash, 1984; H. 
delvii Jairajpuri, Khan, Setty and Govindu, .1979; H. 
galeopsidis Goffart, 1936; H. gambiensis Merny and 
Netscher, 1976; H. carotae Jones, 1950; H. trifolii 
Goffart, 1932; H. iri Mathews, 1971. 
H. oryzicola was first described from the roots of 
paddy at Pattambi of Kerala state in India (Rao and 
Jayaprakash, 1978). Usha and Kurein (1981) have stated 
that the nematode causes considerable loss to paddy 
crop in India. H. sorghi was described parasitizing 
sorghum (Sorghum vlugare Pers.) in Ghaziabad district 
of Uttar Pradesh (Jain et al., 1982). H. sacchari 
originally described from sugarcane in Congo, was 
reported from Saccharum spontaneum in India (Swarup et 
al. 1964). 
H. mothi, was the first cyst nematode described 
from India on weed grass {Cyprus rotundus L.) by Khan 
and Husain (1965) . Sharma and Swarup (1984) state that 
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this species reproduced only on the type host but the 
species also occurs on Chrysanthemum carinatum and 
HiJbiscus syriacus in India (Yaqoob and Khan, 1969). 
H. graminis in India was recorded on an unknown 
species of grass in a golf course at Delhi which 
produced pale yellowish patches (Sharma & Swarup, 
1984). H. cyperi was recorded on pasture grass, 
Cynodon dactylon and bamboo, Bamhusa sp. in a coffee 
estate, in Karnataka (Kumar, 1980) . H. raskii, was 
described from Hyderabad from Cyprus bulbosus Basnet 
and Jayaprakash (1984). H. delvii occured on 'rage' 
{Eleusine coracana) in Banglore, Karnataka (Jairajpuri, 
et al. 1979). H. galeopsidis Goffart 1936, was reported 
by Swarup, Prasad and Raski (1964) . In India, H. 
gambiensis occurs on Eleusine coracana in Karnataka 
Narayanaswamy et al., 1982) while H. carotae is known 
from the Simla hills and Delhi (Swarup et al. , 1964). 
Another cyst nematode discovered from the Nilgri 
hills in Tamil Nadu, was the potato-cyst nematode 
GloJbodera rostochiensis by Jones (1961) . G. pallida 
and G. rostochiensis are the most important and 
dangerous nematode species present in India. The 
widespread distribution of these nematodes in the area 
was also confirmed by Seshadri & Sivakumar (1962) . The 
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area infested by G. pallida and G. rostochiensis is 
about 3050 hectare (Thangaraju et al. , 1981). These 
species are not only important in India but are 
considered as the most dangerous species all over the 
world and have attracted intensive research 
investigation. 
Globodera chauhattia was described as a round cyst 
nematode by Gupta and Edward (1973) but their description 
of cyst shows a low vulval cone. Consequently, Mulvey 
& Stone (1976) and Stone (1978) placed this species in 
Heterodera but Wouts (1984) included it in Globodera. 
Hesling (1978) and Sharma & Swarup (1983) regarded H. 
chaubattia as a species inquirenda. 
There is only one species of Cactodera viz, C. 
cacti reported from Mysore, India on an oi'namental 
plant {Echionpsis spp.). 
In the present work, twelve species of 
Heteroderaincluding three new species have been 
described and illustrated. Several new hosts records 
and a species record from India is also given. In 
addition morphometric and allometric data of H. wothi, 
H. avenae and H. zeae are presented. 
Application of certain indegenous plant products. 
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non-edible oil cakes and other organic waste for the 
control of nematode has received attention in recent 
years. The value"of decomposition of organic matter 
in soil in the reduction of nematode damage was first 
demonstrated by Linford et al. (1938). Since then a 
large number of researchers have confirmed that 
addition of decomposable organic matter to nematode 
infested soil results in the reduction of population 
of several plant parasitic nematodes (Johnson, 1959, 
1971; Johnson et al. 1967; Singh & Sitaramaiah, 1967, 
1970) . Organic additives, such as oilcakes (Mankau, 
1963; Singh, 1965; Singh & Sitaramaiah, 1966; Khan et 
al. 1966), sawdust (Singh et al. 1967; Singh & 
Sitaramaiah, 1967 and 1971), green leaves (Singh & 
Sitaramaiah, 1967) , chitinous substances (Mankau & 
Das, 1974). Decaffeinated tea waste and water hyacinth 
compost (Golden & Birchfield, 1965; Roy, 1976 and 1978) 
are known to reduce the attack of root-knot nematode. 
The second part of the presented work, deals with 
the behavioural study of second stage juveniles of 
Heterodera avenae, H. mothi and H. zeae. The effects 
of various concentration of leaf, root and stem 
extracts of the water hyacinth {Echhornia crassipes 
Solms) , and root extracts of the host plants wheat 
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{Triticum aestivum) , weed grass {Cyprus rotundus) and 
maize (Zea mays) respectively were observed on activity 
and osmoregulation. 
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MATERIALS 
AND 
METHODS 
SOIL SAMPLES 
Soil samples from the rhizosphere of cereals, 
vegetables and grasses were collected from different 
parts of India. All relevant information such as 
habitat, locality, date of collection, etc., were 
noted and brought to the laboratory for further 
processing. 
PROCESSING OF SOIL SAMPLES 
The samples brought to the laboratory were divided 
into two parts, one part was processed for extracting 
cysts and other for extracting males and juveniles. 
Extraction and storage cysts: Cysts were extracted by 
Fenwick's can method. Soil samples were thoroughly 
mixed with water and placed in the top sieve of 20 cm 
diameter (18 or 24 mesh sieve) . The can was filled with 
water and then the sample was washed with a fine spray 
of water into the apparatus through the funnel. The 
coarse material was retained on the top sieve, and 
heavy soil particles washed into the can settled to the 
bottom of the apparatus. The floating cysts overflowed 
into the collar and passed into the 60 and 80 mesh sieve 
respectively. Cysts and root debris caught on the 
sieve was washed with water and collected into a 
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beaker. This was stirred gently and left undisturbed 
for few seconds, the floating cysts and debris was then 
decanted into a glass funnel lined with filter paper. 
The debris caught on the filter paper was studied in 
a stereoscopic microscope and the cysts were picked 
with a camel's hair brush. 
Extraction of Males and second stage juveniles: Males 
and second stage juveniles were extracted by Cobb's 
modified sieving and decantation and the modified 
Baermann's funnel techniques. About 500 ml of soil was 
placed in a bucket and thoroughly mixed with a small 
amount of water. The stones if any, were removed from 
the sample and the bucket was then filled with water 
to about two-thirds of its volume. This was stirred 
gently to make a homogenous mixture and left undisturbed 
for about 10-20 seconds. The heavy soil particles 
settled at the bottom while the nematodes along with 
a fine soil particles remained suspended. The 
suspension was then passed through a 300 mesh sieve 
(pore size 53 um) . The whole process was repeated three 
times for the best recovery of nematodes. The entire 
"catch" thus obtained on the sieve was washed into 
a beaker. 
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ISOLATION OF NEMATODES 
The residue from the beaker was poured on a small 
coarse sieve lined with tissue paper. The sieve was 
then placed on a Baermann's funnel with a rubber tubing 
and stopper. The funnel was filled with sufficient 
water to touch the bottom of the sieve. Care was taken 
to avoid trapping air bubbles between the water level 
and the bottom of the sieve. This was kept undisturbed 
for 24 hours. The nematodes passed through the coarse 
sieve and tissue paper and settled at the bottom of the 
funnel stem. A small quantity of water was run-off in 
a cavity block from the funnel through the stoppered 
rubber tubing. The nematodes isolated were fixed and 
processed for mounting. 
Extraction of nematodes from roots: Nematodes were 
extracted from roots directly under stereomicroscope 
at a magnification from 35 to 60x. Roots were washed 
gently with water to remove soil particles and chopped 
into pieces 1-2" long. These were then placed in a 
petridish containing water and teased open. The 
nematodes released from the root were then collected 
with the help of brush. 
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KILLING AND FIXING 
The suspension collected in the cavity block, was 
left undisturbed for few minutes, so that the nematodes 
settled at the bottom of the cavity block. Excess water 
was removed carefully with a fine pipette. The 
nematodes were fixed in hot FA 4:1. 
FIXATION AND PRESERVATION OF ROOTS 
Roots were washed gently with water to remove soil 
particles and adhering debris. Then pressed between 
folds of blotting paper to absorb excess water, then 
fixed in FAA (Formalin-aceto-alcohol) Johansen (1940) 
in a volume which was about 10 times greater than the 
volume of roots. 
MOUNTING AND SEALING 
About 24 hours after fixation, the nematodes were 
transferred into another cavity block containing 
glycerine-alcohol (5 parts glycerine + 95 parts 30% 
alcohol) and kept in a desiccator for slow dehydration. 
The nematodes were completely dehydrated within two to 
three weeks and were ready for permanent mounting. 
For permanent mounts, metallic or glass slides 
were used. The nematodes were transferred to a drop 
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of anhydrous glycerine and pieces of glass wool of 
suitable thickness were placed around the specimen and 
it was then gently covered with a round coverslip. 
Excess glycerine, if any, outside the coverslip was 
removed by small pieces of blotting paper. The edges 
of coverslip were then sealed with nail polish or 
glyceel. 
PREPARATION OF VULVAL CONES 
Dried cysts were soaked in water for atleast 24 
hours before dissection. Moist cysts were transferred 
to a glass slide in a drop of water, and the cyst cones 
were cut from the perennial area with a sharp blade. 
The adhering body tissue and eggs were gently cleaned 
from the vulval cone with a metallic needle. Care was 
taken not to damage the associated structures. Cones 
of thick and heavily pigmented species were bleached 
in 90 volume H^ O, (hydrogen peroxide) for few minutes 
and thin walled and less pigmented species were 
bleached in 40 volume solution of Hydrogen peroxide for 
15 minutes. After bleaching, they were washed with 
distilled water and then passed through a graded 
alcohol series (70% to 100%) and cleared in clove oil. 
They were transferred to a drop of Canada balsam and 
22 
pieces of coverslip of suitable thickness arranged 
around the vulval cone and then gently covered with a 
round coverslip. 
The vulval cones were also mounted in hard 
glycerine jelly placed on a glass slide and heated 
lightly. The molten jelly was then spread evenly with 
a warm metallic needle. The vulval cones were then 
transferred to glycerine jelly and a coverslip was 
gently placed over it. To support the coverslip, 
pieces of glass wool or broken pieces of coverslip were 
used. 
Hard glycerine jelly: 20 g of gelatin was soaked in 
40 ml distilled water for hours. Then added 50 ml 
glycerol and 1 ml phenol to it. For 10 to 15 minutes 
it was warmed in a water bath and stirred continuously 
to make the mixture homogenous. 
MEASUREMENTS AND DRAWINGS 
Measurements were made on glycerine mounted 
specimens with the help of ocular micrometer. DeMan's 
(1884) formula for denoting dimensions of nematodes 
was used. Drawings were made using a drawing tube. 
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PHOTOGRAPHY 
Photomicrography was done by using a Canon Fl 
camera mounted on a Nikon Optiphot II research 
microscope. 
SCANNING ELECTRON MICROSCOPY 
For scanning electron microscopy cysts were 
sonicated for 15 seconds three times at intervals of 
30 seconds and fixed in 3% gluteraldehyde. They were 
washed in 0.05 M sodium phosphate buffer at pH 6.8 
several times then post fixed in 2% Osmium tetra-oxide 
for 2 hours at room temperature. The cysts were again 
washed in buffer several times to remove excess 
fixative, dehydrated in graded alcohol series and 
critical point dried using carbon dioxide as the 
transitional fluid. After drying they were mounted on 
stubs with double sided adhesive tape, coated with 30 
nm gold and examined in a Philips 501B scanning 
electron microscope at an accelerating voltage of 15 
KV. 
VIABILITY TEST OF CYST NEMATODE 
Eggs from cyst, when touched with metallic needle 
resulted in immediate expulsion. If the body posture 
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was straight, the juveniles were viable and when the 
posture was not straight it indicated non-viability. 
STORAGE OF CYSTS 
Cysts of different species were stored at different 
temperature. Cysts of Heterodera avenae were stored at 
B^C at low relative humidity (Meagher, 1975) . Cysts 
of H.zeae, H. cajani were stored dried at low 
temperature. Cysts of H. mothi were stored dried at 
room temperature. 
ABBREVIATIONS USED IN THE TEXT 
L = Total body length 
L' = Body length (excluding neck) 
W = Body width 
a = Body length/greatest body width 
b = Body length/distance from anterior end to 
the pharyngeo-intestinal junction, 
b' = Body length/distance from anterior end to the 
posterior end of pharyngeal glands. 
c = Body length/tail length 
DO = Position of the opening of the dorsal 
pharyngeal gland into the pharyngeal lumen. 
H or h = length of hyaline (clear) area in the tail 
between body contents and cuticle at tail. 
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a b w = Anal body width 
VLS = Vulval slit length 
VBL = Vulval bridge length 
VBW = Vulval bridge width 
FL = Fenestral length 
FW = Fenestral width 
BL = Basin length 
BW = BaSin width 
UBL = Underbridge length 
UBW = Underbridge width 
UBD = Underbridge depth 
FL/FW = Fenestral length/Fenestral width 
ACTIVITY AND OSMOTIC REGULATION 
Extracts were prepared of leaves, roots and stems 
of water hyacinth (Echhornia crassipes Solms) and roots 
of wheat {Triticum aestivum), maize {Zea mays) and weed 
grass (Cyprus rotundus L.) . Wheat and maize were grown 
in sterilized soil in pots while water hyacinth and 
weed grass was collected from their natural habitats. 
The plant tissue was vrashed thoroughly, then dried 
gently with a filter paper and weighed. 10 g of each 
tissue was homogenised separately in Warring blender 
in 10 ml of water. The homogenate was centrifuged at 
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300 rptn for 20 minutes and the supernatant was 
collected in vials and stored in a refrigerator at 4*'C. 
This supernatant formed the stock solution from which 
dilutions of 1:100, 1:200, 1:500, 1:1000 and 1:2000 
were prepared and used when required. 
The effect of various dilutions of extracts was 
studied separately on juveniles of H. avenae, H. zeae 
and H. mothi. In addition, the effect of root extracts 
of the host plant on their respective parasites was 
also observed. Freshly hatched juveniles from tap 
water were transferred individually into cavity blocks 
containing 3 ml of extract. Their activity was 
recorded for 5 minutes at hourly intervals for 6 h using 
a CCTV and VCR. Activity was determined in terms of 
head swings per minute while osmotic regulation was 
analysed by changes in body volume. To determine the 
length and width, video tracings were made from a high 
resolution monitor. Body volume was calculated by 
Andrassy's (1956) formula 
a' X b 
V = urn" 
1.7 
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Where, V = Volume, 
a = greatest body width in microns, 
b = the body length in microns and 
1.7 = an empirically derived constant. 
At least ten juveniles of each species were 
studied in each dilution. For controls, tap water (TW) 
and distilled water (DW) were used. 
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TAXONOMY 
FAMILY HETERODERIDAE FILIPJEV AND SCHUURMANS 
STEKHOVEN, 1941 (SKARBILOVICH, 1947) 
Diagnosis (after Luc et al., 1988): Marked sexual 
dimorphism present. Cuticle strongly annulated, 
annules usually modified to form a lace-like pattern 
on swollen females and cysts.' Lateral fields with 2-
4 incisures, outer bands may or may not be areolated. 
Cephalic region large, annulated, labial disc distinct 
or indistinct; basal annules may be indented 
longitudinally. Cephalic framework strongly sclerolized, 
but reduced in females. Stylet robust; cones about half 
the length of total stylet, with prominent basal knobs. 
Outlet of dorsal pharyngeal gland close to base of 
stylet. Median pharyngeal bulb usually large, avoid 
to rounded with strong valves. Pharyngeal glands 
elongated, overlapping intestine ventrally, and also 
laterally; subventral glands asymmetrical, longer than 
dorsal gland, subventral gland nucleus always behind 
and smaller than of dorsal gland nucleus. 
Female : Sedentary in root tissues, swollen, elongate-
oval, oval, lemon-shaped, sausage shaped or spheroidal. 
Cuticle thick and annulated at neck and vulva or 
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surface variably patterned. Vulva usually terminal or 
subterminal or equatorial. Two genital branches, 
amphidelphic or prodelphic. Columned uterus with 
three rows of cells. Egg sac present or absent. 
Excretory pore opposite or usually posterior to valve 
plates of median bulb. Tail absent. 
Male : Vermiform,metamorphoses within juvenile cuticle. 
Cuticle annulated. Lateral fields with three or four 
lines, outer bands may or may not be areolated. Lip 
region annulated, offset or continuous with the body 
with distinct or indistinct labial disc. Cephalic 
framework heavily sclerotized. Stylet robust, 20-46 um 
long with prominent basal knobs. Pharynx well 
developed. Testis single, outstretched. Tail short, 
less than one anal body width, bluntly rounded, 
hemispherical or absent; tail end twisted. Bursa 
absent. Phasmids near cloacal aperture. 
Second stage juvenile : Infective stage. Body slender, 
vermiform, straight to arcuate upon fixation. Stylet 
robust, over 17 um long. Tail long, conical with long 
hyaline posterior part. Phasmids in anterior half of 
tail . 
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Third and fourth stage juveniles : Body swollen, with 
robust stylet. 
Type subfamily : Heteroderinae Filipjev and 
Schuurmans Stekhoven, 1941. 
Other subfamilies : Meloidogyninae Skarbilovich, 1959. 
Nacobboderinae Golden and Jensen, 
1974 . 
SUBFAMILY HETERODERINAE FILIPJEV AND 
SCHUURMANS STEKHOVEN, 1941 
Diagnosis : Mature female spherical, pear or lemon-
shaped with a short neck, turns into a tough hard -
walled yellowish, light brown to dark brown or black 
cyst containing eggs and juveniles, some eggs may be 
laid in a gelatinous matrix. Cuticle surface with a 
zig-zag or lace-like pattern, annulation absent on 
mature female and cyst. Vulva and anus close together, 
almost terminal, on a raised vulval cone or in a flat 
to concave vulval basin. Clear hyaline vulval fenestra 
or fenestrae present; anal fenestra present only in 
Punctodera. Male develops through metamorphoses, has 
an annulated cephalic region, four incisures in 
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lateral fields and an extremely short hemispherical 
tail, rarely tail absent iSarisodera) . Bursa absent. 
Second stage juveniles with four incisures (three 
incisures in Dolichodera) in each lateral field. 
Type genus : Heterodera Schmidt, 1871 
Other genera : Meloidodera Chitwood, Hannon & Esser, 
1956 . 
Glohodera Skarbilovich, 1959 
Cryphodera Colbran, 1966. 
Atalodera Wouts and Sher, 1971. 
Sarisodera Wouts and Sher, 1971. 
Punctodera Mulvey and Stone, 1976. 
Cactodera Krall and Krall, 1978. 
Hylonema Luc, Taylor and Cadet, 1978. 
Thecavermiculatus Robbins, 1978. 
Dolichodera Mulvey and Ebsary, 198 0. 
Verutus Esser, 1981. 
Rhizonema Cid del Prado Vera, Lownsbery 
and Maggenti, 1983. 
Afenestrata Baldwin and Bell, 1985. 
Bellodera Wouts, 1985. 
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GENUS HETERODERA SCHMIDT, 1871 
Diagnosis (after Luc et al., 1988) 
Female and Cyst Lemon-shaped with short neck and 
terminal cone, turned into a hard-walled cyst, brown 
to black in colour, with a lace-like or zig-zag 
pattern. Vulva terminal ; slit 10-60 urn long. Anus 
dorsally subterminal, near vulva but not on vulval lip. 
Vulval fenestration present, ambifenestrate, 
bifenestrate or very rarely circumfenest rate; anal 
fenestration absent. Vaginal remnant, under-bridge 
and bullae often present. Most eggs retained in body, 
but some laid in gelatinous matrix. 
Male : Lateral fields with four incisures, outer band 
often areolated. Cephalic region generally offset by 
a constriction, and with 3-6 annules, labial disc 
indistinct; basal, lip annule may or may not be 
indented. Tail end twisted. Spicules robust, over 30 
um long, with blunt bifid or single tip. 
Second stage juvenile : Body slender, straight to 
arcuate. Cephalic region generally continuous; labial 
disc indistinct; in SEM, disc elongate oval. Stylet 
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less than 30 um long. Pharyngeal glands filling body 
width. Tail with prominent terminal hyaline part. 
Phasmids with a lens-like structure underneath. 
Type species : Heterodera schachtii Schmidt, 1871. 
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HETERODERA AVENAE WOLLENWEBER, 1924 
(Fig. 1-2) 
Measurements (Table 1-4} 
Description 
Females : Body pearl-white, lemon shaped, with a small 
terminal vulval cone and a long neck.. A thick white 
subcrystalline layer covers the entire body which 
detaches easily when the body wall becomes tough and 
brown. Head offset with two distinct lip annules, 
posterior one larger than the anterior. Cephalic 
framework indistinct. Cephalids indistinct. Cuticular 
pattern zig-zag on body and forms concentric rings in 
the region of neck and the vulval cone. Stylet well 
developed with rounded basal knobs. Dorsal pharyngeal 
gland orifice 3-6 um posterior to the base of stylet 
knobs. Median pharyngeal bulb well developed, rounded 
and muscular with a strong valvular apparatus; 23-26 
um wide 96-126 um from anterior end. Basal pharyngeal 
lobe variable in size and shape. Excretory pore not 
observed. Vulva terminal, opening a transverse slit, 
7-13 um long. Anus subterminal, vulva-anus distance 
39-55 um. 
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Cysts: Cysts dark brown to black, lemon shaped with 
a small vulval cone and prominent neck. A thick white 
subcrystalline layer covers the cyst. Cyst wall 
consists of zig-zag cuticular pattern which forms 
concentric rings in the regions of the neck and the 
vulval cone. Vulval cone ambifenestrate; semifenestrae 
almost circular and equal in length, separated by a 
strong vulval bridge. Vulval bridge 10-16 urn long, 4-
7 um wide. Vulval slit small. Vulval denticles 
prominent at the apex of the vulval cone. Underbridge 
absent. Bullae heavy, rounded and dark brown. Anus 
obscured due to the presence of heavy bullae. 
Males: Body cylindrical, slightly tapering at both 
ends, and twisted at posterior. Outer and inner 
cuticle with distinct annulation. Head slightly 
offset, rounded, with 3 or 4 lip annules, 4-7 um long, 
9-12 um wide. Cephalic framework heavily sclerotized. 
Stylet well developed with somewhat rounded basal 
knobs, sloping posteriorly. Outlet of dorsal pharyngeal 
gland 3-6 um from stylet base. Cephalids indistinct. 
Median pharyngeal bulb ovoid, with a well developed 
valvular apparatus, 10-13 um wide and 93-128 um from 
anterior end. Pharyngeal glands elongate, overlapping 
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the intestine ventrally or ventrolaterally. Dorsal 
gland with prominent nucleus located at about the level 
of hemizonid. Excretory pore posterior to the level 
of pharyngeo-intestinal junction and 142-215 urn from 
anterior end. Hemizonid two annules broad, 3-4 annules 
anterior to excretory pore. Hemizonion 6 annules 
posterior to excretory pore. Lateral fields with four 
lines, outer two areolated. Testis single, outstretched, 
392-803 urn long. Spicules arcuate, bidentate, ventral 
flanges are notched and together forming a narrow tube 
distally. Cloacal lips protruding. Phasmids indistinct. 
Tail short, bluntly rounded, usually twisted, 6-9 um 
long. 
Second stage juveniles: Body cylindrical, slightly 
ventrally curved, tapering at both extremities, more 
so posteriorly. Cuticle with distinct annulation. 
Head slightly offset with three lip annules, 3-5 um 
long, 9-11 um wide. Cephalids usually indistinct. 
Cephalic framework heavily sclerotized. Stylet well 
developed, with large, anteriorly flattened to concave 
basal knobs, conus slightly shorter than the shaft. 
Outlet of dorsal pharyngeal gland 4-6 um from stylet 
37 
base. Median bulb ovoid, muscular, with well 
developed valvular apparatus, 9-11 um wide, 60-98 um 
from anterior end. Pharyngeal glands elongated, 
overlapping the intestine ventrally or ventro-laterally 
with prominent nuclei. Pharynx 122-188 um long. Nerve 
ring 67-85 um from anterior end. Excretory pore 80-
125 um from anterior end. Hemizonid distinct, two 
annules broad, one or two annules anterior to 
excretory pore. Hemizonion not seen. Lateral fields 
with four lines, outer two lines areolated. Phasmids 
small, pore-like, in the granular part of the tail, 
slightly posterior to level of anus. Tail tapering 
uniformly to a finely rounded terminus. Hyaline tail 
slightly more than half of tail length. 
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MORPHOMETRICS 
In all the three populations, it was observed that 
stylet, median bulb width and L/W ratio in females; 
body length, vulval slit length, and FL/FW ratio in 
cysts; body length, body width, stylet, median bulb 
from anterior end, and spicules in males; body length, 
stylet, pharynx, tail, hyaline tail, anal body width 
and b value in second stage juveniles are the least 
variable morphometric characters and may be considered 
quite stable and consistent. Median bulb from anterior 
end in females; procorpus, pharynx, gubernaculum, a 
value and b value in males; body width, procorpus, 
excretory pore and b' value in second stage juveniles 
exhibited moderate variation and hence are comparatively 
less consistent characters. Body length, body width, 
neck length, median bulb length in females; cyst width, 
vulvual bridge length, vulval bridge width, fenestral 
length and fenestral width in cysts; testis, tail, T 
value, and c value in males; median bulb from anterior 
end, lip height, lip width, a value and c value in 
second stage juveniles showed a high degree of 
variation and may be considered less stable characters. 
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Host and locality: Soil from rhizosphere of (1) barley 
(Hordeum vulgare), Udaipur, Rajasthan, (2) wheat 
(Triticum aestivum)from village Nur, district Udaipur, 
and district Ajmer, Rajasthan, (3) wheat (Triticujn 
aestivum) from Khair, district Aligarh, Uttar Pradesh, 
India. 
Remarks: The present populations of H. avenae agree 
well with the dimensions and descriptions of H. avenae 
as given by Williams & Siddiqi (1972). However, minor 
variations in some characters were observed which 
extend the range of the dimensions of these characters. 
The -female body size shows a greater range of 
variations (L = 430-775 um vs 550-770 urn; W = 311-526 
um vs 360-500 um) while the vulval slit of cysts from 
Rajasthan is comparatively small (vulval slit length 
= 7-10 um vs 12-13 um). The average spicules length is 
relatively smaller while a and b values are greater in 
males (spicules = 32.1 um vs 36.0 um,- a = 48.9 vs 45.0; 
b' = 7.3 vs 5.8). The body length of second stage 
juveniles from wheat and barley in Rajasthan was 
generally smaller (L = 481-564 um, 476-541 um vs 520-
610, 514-610 um) . 
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Table 1 
Morphological characteristics of Heterodera avenae females 
from various hosts 
A - Barley (Udaipur, Rajasthan) 
B - Wheat (Ajmer & Udaipur, Rajasthan) 
C - Wheat (Aligarh, Uttar Pradesh) 
D - Measurements after Williams & SIddiqi (1972). 
Characters 
Body length 
(excluding neck) 
Body width 
Neck 
Stylet 
Median bulb 
from anterior 
end 
Median 
length 
Median 
width 
L / W 
bulb 
bulb 
Population 
A ( n = 25) 
B (n = 25) 
C(n = 15) 
D 
A ( n = 25) 
B ( n = 2 5 ) 
C (n = 15) 
D 
A ( n = 25) 
B ( n = 2 5 ) 
C (n = 15) 
D 
A ( n = 25) 
B ( n = 2 5 ) 
C(n = 15) 
D 
A ( n = 25) 
B ( n = 2 5 ) 
C(n = 15) 
D 
A ( n = 25) 
B(n = 25) 
C(n = 15) 
D 
A ( n = 25) 
B ( n = 2 5 ) 
C(n = 15) 
D 
A ( n = 25) 
B ( n = 2 5 ) 
C(n = 15) 
D 
Range 
504-780 
430-775 
432-665 
550-770 
341-490 
308-521 
311-526 
360-500 
95-128 
102-198 
109-182 
28-30 
27-30 
27-30 
26-30 
96-125 
98-126 
96-121 
29-31 
28-32 
2.7-32 
23-25 
23-25 
24-26 
1.3-1.7 
1.2-1.7 
1.1-1.7 
Mean 
602.7 
618.9 
570.4 
386.6 
416.0 
403.0 
108.8 
145.3 
136.6 
28.9 
29.0 
28.5 
108.1 
105.3 
102.7 
30.2 
29.8 
28.8 
23.5 
23.7 
24.4 
1.5 
1.4 
1.3 
S.E. 
12.0 
20.9 
16.2 
10.4 
15.6 
20.6 
1.7 
5.6 
6.7 
0.1 
0.1 
0.2 
1.6 
2.0 
2.5 
0.14 
0.16 
0.5 
0.16 
0.16 
0.2 
0.02 
0.02 
0.02 
S.D. 
60.2 
104.8 
61.9 
52.2 
78.0 
18.6 
8.8 
28.3 
25.6 
0.9 
0.9 
1.1 
8.2 
10.1 
9.7 
0.7 
0.8 
1.9 
0.8 
0.8 
0.8 
0.1 
0.1 
0.1 
c.v. 
9.9 
16.9 
10.8 
13.5 
18.7 
19.5 
8.0 
19.4 
18.7 
3.1 
3.1 
3.8 
7.5 
9.5 
9.4 
2.3 
2.6 
6.5 
3.4 
3.3 
3.2 
6.6 
7.1 
7.6 
All measurements in um. 
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Table 2 
Morphological characteristics of Heterodera avenae cysts from 
various hosts 
A - Barley (Udaipur, Rajasthan) 
B - Wheat (Ajmer & Udaipur, Rajasthan) 
C - Wheat (Allgarh, Uttar Pradesh) 
D - Measurements after Williams & Siddiqi (1972). 
Characters 
Cyst length (L) 
Cyst width (W) 
Vulval slit length 
Vulval bridge 
length 
Vulval bridge 
width 
Fenestral 
length 
Fenestral 
width 
FL/FW 
Population 
A (n = 26) 
B (n = 36) 
C (n = 22) 
D 
A ( n = 26) 
B(n = 36) 
C (n = 22) 
D 
A ( n = 26) 
B (n = 36) 
C(n = 22) 
D 
A ( n = 26) 
B(n = 36) 
C(n = 22) 
D 
A ( n = 26) 
B (n = 36) 
C(n = 22) 
D 
A (n = 26) 
B(n = 36) 
C(n = 22) 
D 
A ( n = 2 6 ) 
B(n = 36) 
C ( n = 2 2 ) 
D 
A (n = 26) 
B(n = 36) 
C(n = 22) 
D 
Range 
570-810 
579-825 
604-830 
430-560 
445-630 
410-630 
7-10 
10-13 
10-12 
12-13 
10-16 
11-16 
11-13 
4-6 
5-7 
5-6 
40-49 
41-46 
40-52 
16-25 
21-24 
21-25 
1.7-2.3 
1.7-2.1 
1.7-2.0 
Mean 
692.0 
680.0 
678.6 
710.0 
497.2 
548.8 
533.2 
500.0 
9.4 
10.7 
10.8 
12.1 
12.5 
11.8 
5.0 
5.5 
5.4 
43.8 
43.7 
45.6 
23.2 
21.8 
22.4 
2.0 
1.9 
1.9 
S.E. 
15.1 
11.7 
15.4 
8.3 
9.2 
14.8 
0.16 
0.13 
0.2 
0.3 
0.16 
0.2 
0.14 
0.1 
1.2 
0.5 
0.2 
0.6 
0.4 
0.16 
0.3 
0.02 
0.01 
0.02 
S.D. 
75.7 
70.4 
71.1 
41.7 
55.2 
65.4 
0.8 
0.8 
0.9 
1.5 
1.0 
0.9 
0.7 
0.6 
6.5 
2.8 
1.4 
3.1 
2.0 
1.0 
1.5 
0.1 
0.0 
0.1 
C.V. 
10.9 
10.2 
10.4 
8.3 
10.0 
12.2 
8.5 
7.4 
8.3 
12.3 
8.0 
7.6 
14.0 
10.9 
9.1 
6.3 
3.2 
6.7 
8.6 
4.5 
6.6 
5.0 
4.7 
5.2 
All measurements in urn. 
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Table 3 
Morphological characteristics of Heterodera avenae males 
B - Wheat ( Ajmer & Udaipur , Rajasthan) 
D- Measurements after Williams & Siddiqi (1972). 
Characters 
Body length 
Body width 
Stylet 
Procorpus 
Median bulb 
from anterior end 
Pharynx 
Testis 
Tail 
Spicules 
Gubernaculum 
a 
b' 
c 
T 
All measurements 
Population Range 
B(n=25) 1246-1481 
D 1070-1590 
B(n=25) 
D 
B(n=25) 
D 
B (n=25) 
D 
B(n=25) 
D 
B (n=25) 
D 
B(n=16) 
D 
B(n=16) 
D 
B(n=16) 
D 
B(n=16) 
D 
B(n=25) 
D 
B(n=25) 
D 
B(n=25) 
D 
B(n=16) 
D 
in um. 
22-29 
26-28 
27-31 
74.0-103.0 
93.0-128.0 
151-231 
392-803 
6-9 
31.0-37.0 
9.0-12.0 
33-38 
41.2-59.2 
32-55 
5.9-8.7 
55.5-6.8 
153.3-246.8 
Subterminal 
26.8-59.0 
40-50 
Mean 
1366.4 
1380.0 
27.0 
26.5 
28.5 
86.1 
105.1 
181.6 
540.6 
6.8 
32.1 
9.6 
36.0 
48.9 
45.0 
7.3 
5.8 
202.4 
40.0 
45.0 
S.E. 
14.3 
0.4 
0.16 
1.4 
1.5 
4.2 
27.1 
0.2 
0.4 
0.2 
1.0 
0.18 
7.1 
1.7 
S.D. 
71.5 
2.1 
0.8 
7.2 
7.9 
21.1 
108.7 
1.2 
1.00 
0.8 
5.2 
0.9 
35.6 
8.9 
C.V. 
5.2 
7.7 
3.0 
8.3 
7.5 
11.6 
20.1 
17.6 
5.6 
8.3 
10.6 
12.3 
17.5 
22.2 
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Table 4 
Morphological characteristics of Heterodera avenae juveniles 
from various hosts 
A - Barley (Udaipur, Rajasthan) 
B - Wheat (Ajmer & Udaipur, Rajasthan 
C - Wheat (Aligarh, Uttar Pradesh) 
D - Measurements after Williams & Siddiqi (1972). 
Characters 
Body length (L) 
Body width (W) 
Stylet 
Procorpus 
Median bulb 
from anterior end 
Pharynx 
Tail 
Population 
A (n = 25) 
B(n = 36) 
C (n = 30) 
D 
A(n = 25) 
B(n = 36) 
C(n = 30) 
D 
A (n = 25) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 2 5 ) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 2 5 ) 
B (n=36 ) 
C(n = 30) 
D 
A ( n = 2 5 ) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 2 5 ) 
B(n = 36) 
C(n = 30) 
D 
Range 
481-564 
476-541 
514-592 
520-610 
20-23 
20-23 
21-23 
20-24 
22.5-27 
24-27 
24-27 
24-28 
53-78 
53-78 
54-69 
67-98 
60-98 
72-88 
122-188 
129-185 
130-176 
54-71 
54-71 
51-64 
45-70 
Mean 
516.8 
501.4 
580.0 
575.0 
21.6 
22.0 
21.5 
-
25.2 
25.1 
25.1 
27.0 
61.7 
62.8 
62.6 
77.2 
78.7 
76.3 
150.1 
153.4 
148.6 
61.8 
62.3 
56.1 
. 
S.E. 
5.9 
3.3 
3.3 
-
0.2 
0.1 
0.16 
-
0.13 
0.1 
0.14 
-
1.1 
0.9 
0.8 
1.4 
1.5 
1.0 
0.3 
2.4 
2.4 
0.8 
0.6 
0.6 
. 
S.D. 
29.7 
19.9 
18.0 
-
1.0 
0.6 
0.9 
-
0.68 
0.72 
0.8 
-
5.5 
5.9 
4.5 
7.4 
9.0 
5.4 
1.8 
14.6 
13.6 
4.0 
4.1 
3.3 
. 
C.V. 
5.7 
3.9 
3.1 
-
4.6 
2.7 
4.1 
-
2.6 
2.7 
3.1 
-
8.9 
9.3 
7.1 
9.5 
11.4 
7.0 
10.9 
9.5 
9.1 
6.0 
6.5 
5.8 
. 
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Contd. 
Hyaline tail 
Anal body 
width 
Excretory pore 
from anterior 
end 
Lip height 
Lip width 
a 
b 
b" 
c 
A ( n = 25) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 25) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 25) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 2 5 ) 
B(n = Ze\ 
C(n = 30) 
D 
A ( n = 30) 
B ( n = 3 6 ) 
C (n = 25) 
D 
A ( n = 2 5 ) 
B ( n = 3 6 ) 
C (n = 30) 
D 
A ( n = 2 5 ) 
B(n = 36) 
C ( n = 3 0 ) 
D 
A ( n = 2 5 ) 
B(n = 36) 
C(n = 30) 
D 
A ( n = 2 5 ) 
B(n = 36) 
C (n = 30) 
D 
35-47 
36-47 
34-45 
35-45 
15.0-17.0 
15.0-18.0 
15.0-17.0 
90-125 
80-124 
76-120 
3-5 
3-5 
3-5 
9-11 
9-11 
9-10 
21.1-27.8 
21.1-24.0 
22-26.1 
4-4.8 
4.1-4.7 
4.1-4.9 
2.7-4.6 
2.74.2 
2.6-4.5 
7.3-9.4 
7.5-8.9 
7.5-8.0 
40.0 
41.1 
39.2 
15.7 
15.5 
15.5 
105.2 
103.0 
102.4 
4.2 
4.0 
3.6 
9.1 
9.5 
9.5 
23.8 
22.6 
23.5 
4.5 
4.4 
4.4 
3.6 
3.3 
3.4 
8.0 
8.1 
7.8 
0.6 
0.5 
0.6 
0.1 
0.1 
0.14 
2.0 
1.6 
2.2 
0.1 
0.1 
0.1 
0.08 
0.1 
0.09 
0.3 
0.18 
0.29 
0.06 
0.03 
0.03 
0.09 
0.06 
0.09 
0.09 
0.05 
0.09 
3.2 
3.3 
3.5 
0.8 
0.7 
0.8 
10.3 
10.1 
12.5 
0.5 
0.6 
0.6 
0.4 
0.7 
0.5 
1.8 
1.1 
1.6 
0.3 
0.2 
0.2 
0.49 
0.4 
0.5 
0.49 
0.3 
0.5 
8.0 
8.0 
8.9 
5.0 
5.0 
5.1 
9.7 
9.8 
12.2 
11.9 
15.0 
16.6 
4.3 
7.3 
5.2 
7.5 
4.8 
6.8 
6.6 
4.5 
4.5 
13.6 
12.1 
14.7 
6.1 
3.7 
6.4 
All measurements in um. 
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HETERODERA BRASSICAE SP.N. 
(Fig.3-4) 
Measurements 
Paratype females (n«7): L = 594.5 ± 12.6 (572.0-
607.0)um; W= 303.6 ± 38.0 (248.0-359.0) um; L/W = 1.9 
± 0.2 (1.6-2.3); Stylet = 22.2 ± 0.4 (22.0-23.0) um. 
Holotype Cyst: L' = 470.0 um; W = 360.0 um; neck length 
= 8 2.0 um; L'/W = 1.3; vulval slit length = 7.0 um; 
vulval bridge length = 10.0 um; vulval bridge width = 
4.0 um; fenestral length = 44.0 um; fenestral width = 
19.0 um; underbridge length = 40.0 um; underbridge 
width = 5.0 um; FL/FW = 2.0 um. 
Paratype cysts {n=17): L' = 463.5 ± 42.6 (350.0-520.0) 
um; W = 306.7 ± 45.2 (23 8.0-390.0) um; neck length = 
103.3 ± 13.5 (80.0-13.0) um; L'/W = 1.4 ± 0.2 (1.1-1.8); 
vulval slit length = 7.1 + 0.6 (6.0-9.0) um; vulval 
bridge length = 9.1 ± 1.2 (7.0-12.0) um; vulval bridge 
width = 3.7 ± 0.7 (3.0-5.0) um; fenestral length = 46.5 
± 3.6 (42.0-55.0) um; fenestral width = 20.8 ± 3.6 
(13.0-27.0) um; underbridge length = 49.2 ± 8.6 (36.0-
62.0) um; underbridge width = 5.0 ± 0.9 (4.0-7.0) um; 
FL/FW = 2.2 ± 0.3 (1.8-3 .3) . 
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Males (n=2): L = 0.927 ± 0.001 (0.926-0.928) mm; a=42 . 0 
± 0.1 (41.9-42.1); b' = 5.2 ± 0.2 (5.0-5.3) ; stylet 
= 19.0 ± 0.0 um; spicules = 26.5 ± 2.1 (25.0-28.0) um; 
gubernaculum = 8.5 ± 0.7 (8.0-9.0) um. 
Second stage juveniles (ns25) : L :^  0.54 ± 0.01 (0.50-
0.56) mm; a = 25.5 ± 1.7 (20.0-27.8); b' = 3.7 ± 0.4 
(2.9-4.6); C = 8.1 ± 0.5 (7.6-9.4); Stylet = 21.8 ± 0.4 
(21.0-22.0) um; tail = 68.1 ± 3.5 (61.0-74.0) um; 
hyaline tail = 41.5 ± 3.5 (35.0-48.0) um. 
Description 
Females: Body pearl-white, lemon shaped. Neck elongate 
and tapering, posterior protuberance small. A thick 
white subcrystalline layer covers the entire body 
which detaches when the body wall becomes tough and 
brown. Head distinctly offset, with two lip annules; 
the posterior one larger than the anterior. Cephalic 
framework indistinct. Cephalids indistinct. Cuticle 
with a zig-zag pattern on body and forms concentric 
rings in the region of neck and the vulval cone. Stylet 
v;ell developed, with rounded basal knobs. Outlet of 
dorsal pharyngeal gland 6-7 um from stylet base. Median 
bulb well developed, ovoid, muscular with strong valve 
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plates, 22-31 um long, 19-20 urn wide, and 98-130 um from 
anterior end. Basal pharyngeal lobe variable in size 
and shape. Excretory pore usually present at the base 
of the neck or posterior to the median bulb or 100-
135 um from anterior end. Vulva terminal, a transverse 
vulval slit, 6-8 um long. Anus subterminal, located 
in a small depression on the cuticle. Vulva-anus 
distance 16-24 um. 
Cysts: Cysts light to dark brown, lemon shaped with 
a small vulval cone and long prominent neck. Cyst wall 
consists of a zig-zag cuticular pattern on body and 
forms concentric rings in the region of neck and vulval 
cone. Fenestration usually indistinct, ambifenestrate,-
semifenestrae semicircular and equal, separated by a 
strong rectangular vulval bridge. Vulval bridge 
length 2-3 times the vulval bridge width. Vulval slit 
short, 6-9 um. Vulval denticles well developed, appear 
near the apex of the vulval cone. Underbridge distinct 
and moderately, cuticularized (Fig. 4 B), the arms of 
the underbridge usually fine at the periphery. Anus 
obscured due to the presence of heavy, rounded, and 
dark brown bullae. 
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Males; Body cylindrical, slightly tapering at both 
ends, and twisted at posterior region. Cuticular 
annulation prominent. Lip region slightly offset with 
four distinct annules, 5 um long, 7 um wide. Cephalic 
framework strong and sclerotized. Cephalids usually 
indistinct. Stylet well developed with rounded basal 
knobs. Outlet of dorsal pharyngeal gland 4-7 um from 
stylet base. Median bulb ovoid well developed valve 
plates, 88-97 um from anterior end. Pharyngeal glands 
elongate, overlapping the intestine ventrally or 
ventrolaterally, dorsal gland with prominent nucleus 
located behind pharyngeo-intestinal junction. Excretory 
pore 110-140 um from anterior end. Hemizonid two 
annules broad, 5-6 annules anterior to excretory pore. 
Hemizonion not seen. Lateral fields incompletely 
areolated, with four lines. Testis single, outstretched, 
207.0-491.0 um long. Spicules arcuate, bidentate. 
Gubernaculum simple, slightly curved. Cloacal lips 
protruding. Tail short, bluntly rounded, usually 
twisted. Phasmids not seen. 
Second stage juveniles: Body cylindrical, slightly 
ventrally curved, tapering at both extremities, more 
so posteriorly. Cuticle with distinct annulation. Lip 
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region slightly offset with 2-3 lip annules, 3-4 um 
long, 9-10 um wide. Cephalic framework heavily 
sclerotized. Cephalids usually indistinct. Stylet 
strong with well developed, anteriorly directed basal 
knobs. Outlet of dorsal pharyngeal gland 5-6 um from 
stylet base. Median bulb ovoid, with well developed 
valve plates. Pharyngeal glands elongate, overlapping 
the intestine ventrally or ventrolaterally with 
prominent nuclei. Excretory pore posterior to the 
median bulb, 100-140 um from anterior end. Hemizonid 
distinct, two annules broad, 4 or 5 annules anterior 
to excretory pore. Hemizonion not seen. Genital 
primordium distinct, consisting of two cells, at about 
50% of body length from anterior end. Lateral fields 
areolated, with four lines, outer ones crenate. 
Phasmids small, about half anal body width posterior 
to anus. Tail conoid, tapering to a bluntly rounded 
terminus. Hyaline tail about 57-69% of tail length. 
Type host and locality: Soil from the rhizosphere of 
mustard (Brassica campestris) from village Baleecha, 
District Udaipur, Rajasthan. 
Type specimens; Holotype on slide Heterodera brassicae 
sp.n./l deposited in the Zoology Department, A.M.U., 
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Aligarh. Paratypes on slide Heterodera brassicae 
sp.n. /2-17 ; in nematode collection of Zoology Department, 
A.M.U., Aligarh, Uttar Pradesh, India. 
Diagnosis and relationship: The cysts of H. Jbrassicae 
sp.n. are lemon shaped with a smalll vulval cone and 
long prominent neck. Cone top is ambifenestrate, 
semifenestrae, semicircular vulval bridge rectangular 
with small vulval slit, vulval denticles well 
developed, moderately cuticularized underbridge, and 
bullae strongly developed. The second stage juveniles 
have anteriorly directed stylet knobs, areolated 
lateral fields with four lines, ^onoid tail tapering 
to a pointed terminus, and hyaline tail 57-69% of tail 
length. 
The new species resembles H. avenae Wollenweber, 
1924, apud Williams and Siddiqi, 1972; H. iri Mathews, 
1971 and H. mani Mathews, 1971 in having a small 
ambifenestrate vulval cone, rectangular vulval bridge, 
with small vulval slit and well developed vulval 
denticles, and bullae in cysts; anteriorly directed 
stylet knobs, and areolated lateral fields with four 
lines in second stage juveniles. It can however, be 
differentiated from H. avenae in body width and stylet 
size in females; cyst width, vulval slit length and the 
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presence of an underbridge [W = 3 60.0-500.0 um; stylet 
= 26.0-32.0 um in females; W = 500.0 um,- vulval slit 
length = 12,0-13.0 um in cysts]. The males have a 
smaller body, stylet and spicules where as the second 
stage juveniles have smaller stylets, and longer tails 
[L = 1380.0 (1070.0-1590.0) um, stylet = 28.5 (27.0-
31.0) um, spicules = 36,0 (33.0-38.0) um, in males; 
stylet = 27.0 (24.0-28.0) um, tail = 45.0-70.0 um 
(usually 54.0-58.0) um, in second stage juveniles of 
H, avenae apud Williams and Siddiqi]. 
From H. iri, new species can be differentiated 
by a smaller body width and stylet in females; smaller 
cyst size, vulval slit, vulval bridge width and greater 
FL/FW ratio and presence of moderately developed 
underbridge [W = 548.0 (463.0-606.0) um, stylet =28.0 
(25.0-30.0) um, L"/W" = 1.3 (1.2-1.4)in females; [L'=675.0 
(600.0-755.0) um; W = 520.0 (450.0-550.0) um; L •/W = 
1.3 (1.1-1.5); Vulval slit length = 11.0 (8.0-15.0) um; 
FL/FW = 1.8 (1.5-2.1), and strong underbridge in H. 
iri]. The males have smaller body, stylet, spicules 
and gubernaculum and greater a value. The second stage 
juveniles have small body, stylet, tail, hyaline tail 
and anchor shaped stylet knobs. [L = 1292.0 (1060.0-
1450.0) um, stylet = 30.0 (28.0-33.0) um, spicules = 
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39.0 (36.0-43.0), gubernaculum = 12.0 (11.0-14.0) um; 
•a' value in males; L=638.0(573.0-694.0) um, stylet = 
25.0 (23 .0-28 .0)um, tail = 94.0(83.0-103.0)um, 
hyaline tail = 62.0(51.0-75.0) um and deeply concave 
stylet knobs in second stage juveniles of H. iri]. 
The new species differs from H. mani in having a 
smaller body width, and stylet of females,- smaller cyst 
size, vulval bridge width, fenestral width, greater 
FL/FW ratio and moderatly developed underbridge of 
cysts [W=539.0(418.0-679.0) um, stylet = 30.0(24.0-
34.0) um in females,- L^ = 590.0(418.0-679.0) um, W = 
494.0 (390.0-650.0) um, vulval bridge width = 7.0 (5.0-
9.0) um, fenestral width =27.0 (17.0-33.0) um, FL/FW 
= 2.0(1.5-2.5), and weak underbridge in H. mani]. The 
males of new species have a smaller body, stylet, 
spicules and gubernaculum while the second stage 
juveniles have a smaller body [L=1388.0(1100.0-1750 . 0) 
um, stylet = 26.0 (22.0-30.0) um, spicules = 39.0 
(35.0-43.0) um, gubernaculum = 12.0 (9.0-14.0) um in 
males; L = 578.0 (530.0-627.0) um in second stage 
juveniles of H. mani]. 
53 
HBTERODERA IRI ^4ATHEWS, 1971 
(Fig.5-6) 
Measurements 
Female (n-22) : L = 664.7 ± 35.4 (558.0-721.0) urn; 
W=519.6 ± 35.0 (476.0-606.0) um; L/W = 1.27 ± 0.07 
(1.15-1.38); Stylet = 28.0 ± 0.7 (27.0 - 30.0) um. 
Cysts (xi-7) : L = 656.2 ± 20.0 (645.0 - 710.0) um; W 
= 514.5 ± 23.9 (480.0 - 550.0) um; L/W = 1.27 ± 0.07 
(1.18 - 1.37); vulval slit length = 9.1 ± 0.8 (8.0 -
10.0) um; vulval bridge length = 11.2 ± 1.7 (9.0-14.0) 
um; vulval bridge width = 5.0 ± 1.4 (4.0 - 7.0) um; 
fenestral length = 45.2 ± 4.6 (40.0-52.0) um; fenestral 
width = 22.8 ± 2.0 (20.0 - 26.0) um; underbridge length 
= 70.1 ± 7.3 (64.0 - 88.0) um; underbridge width =9.7 
± 0.4 (9.0-10.0) um; underbridge depth = 22.6 ± 1.6 
(20.0 - 24.0) um; FL/FW = 1.9 ± 0.1 (1.7-2.0). 
Males (n = 4): L = 1.40 ± 0.09 (1.28-1.48) mm; a = 51.6 
± 5.8 (45.9 - 59.2); b' = 7.2 ± 0.7 (6.4-8.2); stylet 
= 30.0 ± 2.0 (27.0-31.0) um; pharynx = 194.5 ± 24.9 
(176.4 - 231.0) um; spicules = 38.0 ± 2.3 (36.0 - 40.0) 
um; gubernaculum = 11.2 ± 0.9 (10.0 - 12.0) um; 
Second stage juveniles (n » 9): L = 629.0 ±44.6 (552.0 
684.0) um; a = 30.3 ± 1.6 (27.7 - 32.1); b' = 3.7 ± 0.2 
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( 3 . 4 - 4 . 3 ) ; c = 7 . 6 ± 0 . 3 ( 6 . 9 - 7 . 9 ) ; s t y l e t = 2 4 . 4 ± 
0 . 5 ( 2 4 . 0 - 2 5 . 0 ) urn; p h a r y n x = 1 6 5 . 1 ± 9 . 3 ( 1 5 0 . 0 -
1 8 2 . 0 ) urn; t a i l = 8 2 . 3 ± 4 . 0 ( 7 4 . 0 - 8 6 . 0 ) utti; h y a l i n e 
t a i l = 4 9 . 6 ± 3 . 3 ( 4 4 . 0 - 5 4 . 0 ) um. 
Description 
Females: Body white, lemon to spheroidal shape, with 
a tapering and elongate neck, posterior protuberance 
small. A subcrystalline layer present around the body 
wall. Head offset, with two distinct lip annules, 
posterior one larger than the anterior. Cephalic 
framework indistinct. Cephalids indistinct but 
sometimes observed at level of second and seventh 
annule behind lip constriction. Cuticular pattern 
zig-zag on body and forms concentric rings in the 
region of neck and the vulval cone. Stylet well 
developed with round knobs. Outlet of dorsal pharyngeal 
gland 6-8 um posterior to the base of the stylet knobs. 
Median bulb well developed rounded, muscular with 
strong valve plates, 22-31 um long; 23-25 um wide and 
98-135 um from anterior end. Basal pharyngeal lobe 
variable in size and shape. Excretory pore usually 
present at the base of the neck. Vulva terminal, a 
transverse vulval slit, 8-10 um long. Anus subterminal 
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located in a small depression of the cuticle. Vulva-
anus distance 44-52 um. 
Cysts: Cysts light to dark brown, lemon shaped or 
spherical with a small vxilval cone and a long prominent 
neck. A white subscrystalline layer covers the cyst. 
Cyst wall consists of zig-zag cuticular pattern on body 
and forms concentric rings in the region of neck and 
the vulval cone. Vulval cone ambifenestrate with a 
less clearly defined outline; semifenesrae separated 
by strong rectangular vulval bridge. Vulval slit 
small. Vulval denticles present at the apex of the 
vulval cone. Underbridge moderately developed, thick 
in the centre with bifurcated, sometimes trifurcated 
ends, the arms of the underbridge usually fine at the 
periphery. Anus obscured due to the presence of 
bullae. Bullae heavy, rounded, and dark brown. Bullae 
like structures also seen in the region of the neck of 
the cyst (Fig. 6 B) . 
Males: Body cylindrical, slightly tapering at both 
ends, and twisted at posterior region. Posture 
somewhat open c-shaped upon fixation with the body 
showing an angular bend in the middle. Head slighty 
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offset, with four distinct annules, 6-7 um long, 10-
12 um wide. Cephalic framework strong. Cephalids 
distinct, anterior at level of second annule and 
posterior at seventh annule behind lip constriction. 
Stylet well developed with round basal knobs, anterior 
faces sloping slightly posteriorly. Outlet of dorsal 
pharyngeal gland 6-8 um from stylet base. Median bulb 
ovoid, 19-25 um long, 11-12 wide, 88-127 um from 
anterior end with well developed valve plates. 
Pharyngeal glands elongate, overlapping the intestine 
ventrally or ventrolaterally. Nerve ring 110 - 144 um 
from anterior end or 60-70% of pharyngeal length. 
Excretory pore posterior to pharyngeo-intestinal 
junction or 80-86% of pharyngeal length. Hemizonid two 
annules broad, at the level of pharyngeo-intestinal 
junction or slightly posterior to it, and about 7-8 
annules anterior to excretory pore. Lateral fields 
non-areolated, with four lines, outer ones crenate. 
Testis single, outstretched, 346-430 um long. Spicules 
arcuate, bidentate. Gubernaculum simple, slightly 
curved. Cloacal lips protruding. Tail short, bluntly 
rounded, usually twisted. Phasmids inconspicuous. 
Second stage juveniles: Body cylindrical, slightly 
ventrally curved, tapering at both extremities, more 
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so posteriorly. Outer and inner cuticle with distinct 
annulation. Lip region slightly offset with four lip 
annules, 3-4 urn long, 10-11 urn wide. Cephalids usually 
distinct, anterior at level of second and posterior at 
5th to 6th annule behind the lip constriction. 
Cephalic framework strong. Stylet well developed with 
anchor-shaped basal knobs. Outlet of dorsal pharyngeal 
gland 7-8 um from stylet base. Median bulb ovoid, with 
well developed valve plates. Pharyngeal glands 
elongate, overlapping the intestine ventrally or 
ventrolaterally with prominent nuclei. Nerve ring 96-
102 um from anterior end or 56-67% of pharyngeal 
length. Excretory pore at the level of pharyngeo-
intestinal junction or slightly posterior to it or 74-
80% of pharyngeal length. Hemizonid distinct, two 
annules broad, posterior to the nerve ring, 4-5 annules 
anterior to excretory pore. Genital primordium 
distinct, two celled, at about 50% of body length from 
anterior end. Lateral fields non-areolated, with four 
lines, outer ones crenate. Phasmids small, posterior 
to anus and about one anal body width behind anus. 
Anal body diameter 16-18 um. Tail conoid, tapering 
to a pointed terminus. Hyaline tail 56-62% of tail 
length. 
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Host and locality: Soil from the rhizosphere of barley 
{Hordeum vulgare) from Nur village, District Udaipur, 
Rajasthan. 
Remarks: The present specimens agree with the 
measurements and descriptions of Heterodera iri given 
by Mathews (1971) but show some minor variations. The 
males are slightly longer and more slender, and have 
non-areolated lateral fields [ L= 1040 (1280-1480) 
um, vs 1292 (1060-1450) um, W = 27.2 (25.0-28.0) um vs 
38.0 (33.0-40.0) um, a = 51.6 (45.9-59.2) vs 37.0 
(35 . 0-40 . 0) , lateral fields non-areolated vs areolated] . 
The second stage juveniles have smaller body, tail, 
hyaline tail and non-areolated lateral fields. [L = 
629.0 (552.0-684.0) umvs 638.0 (573.0-694.0) um, tail 
= 82.3 (74.0-86.0) umvs 94.0 (83.0-103.0) um, hyaline 
tail = 49.6 (44.0-54.0) um vs 62.0(51.0-75.0) um, 
lateral fields non-areolated vs areolated]. Cysts 
have smaller vulval bridge width and bullae like 
strutures in the anterior region, [vulval bridge width 
= 5.0 (4.0-7.0) um vs 7.0 (6.0-9.0) um; bullae like 
structures not reported in the anterior region]. 
This species was first recorded in India from 
roots of wheat (Triticum aestivum) in Tihri village, 
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district Kangra, Himachal Pradesh (Kausal, 1989). He 
(I.e.) however, did not provide any morphological 
details or measurements and hence a comparision was not 
possible. No further record of the presence of this 
species has been made since then. This represents the 
second record from India from a different host, barley 
(Hordeum vulgare). Originally this species was 
reported from the Brown top (Agrostis tenuis) from 
Draperstown, Northern Ireland. 
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HETERODERA MANI MATHEWS, 1971 
(Fig.7-8) 
Measurements 
Females (n-4) : L = 528± 34.5 (495.0-564.0) utti; W = 420.0 
±4.3 (417.0 - 425.0)um; L/W ratio = 1.2 ± 0.1(1.1-1.3) ; 
stylet = 25.2 ± 0.5 (25.0-26.0) urn. 
Cysts (n-S): L = 685.0 ± 95.3 (564.0 - 810.0) urn; w = 
509.2 ± 68.7 (395.0-607.0) um; L/W ratio = 1.3 ± 0.09 
(1.2 - 1.4); vulval slit length = 7.2 ± 0.4 (7.0 - 8.0) 
um; vulval bridge length = 13.8 ± 0.9 (12.0-15.0) um; 
vulval bridge width = 7.3 ± 0.5 (7,0 - 8.0) um; 
fenestral length = 47.5 ± 5.7 (40.0 - 56.0) um; 
fenestral width = 25.5 + 2.6 (21.0 - 28.0) um; FL/FW 
= 1.8 ± 0.3 (1.4 - 2.4). 
Second stage juveniles (n = 7) : L = 545 .0 ± 26.0 (512 . 0-
57 8.0) UTO; a = 24.4 ± 1.0 (23.2 - 26.0); b = 3.5 ± 0.1 
(3.3 - 3.8) ; c = 7.9 ± 0.5 (6.9 - 8.6); stylet = 24.8 
± 0.3 (24.0 - 25.0) um; pharynx = 153.5 ± 5.4 (147.0-
162.0) um, tail = 68.4 ± 4.8 (59.0 - 74.0) um; hyaline 
tail = 42.7 ± 1.8 (40.0 - 44.0) um. 
Description 
Females: Body white or yellowish white in colour, 
lemon-shaped or spheroidal with well developed neck 
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and a small posterior protuberance. A thick white 
subcrystalline layer covers the entire body which 
detaches when the body wall becomes tough and brown. 
Head distinctly offset, with two lip annules; the 
anterior one smaller than the posterior. Cephalic 
framework weekly developed. Cephalids indistinct but 
sometimes observed at level of second and eighth 
annules behind lip constriction. Cuticular pattern 
zig-zag on body and forms concentric rings in the 
region of neck and the vulval cone. Stylet well 
developed with round basal knobs sloping posteriorly. 
Outlet of dorsal pharyngeal gland 6-8 um posterior to 
the base of the stylet knobs. Median bulb well 
developed, rounded, muscular, 30-32 um wide, 99-135 um 
from anterior end. Basal pharyngeal lobe variable in 
size and shape. Excretory pore usually present at the 
base of the neck or posteior to the median bulb. Vulva 
terminal, vulval slit transverse, 7-8 um long. Anus 
subterminal, located in a small depression on the 
cuticle. Vulva-anus distance 18-26 um. 
Cysts: Cysts light to dark brown in colour, lemon-
shaped or spheroidal with a small vulval cone and long 
prominent neck. A thick white subcrystalline layer 
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covers the cyst. Cyst wall consists of zig-zag 
cuticular pattern which forms concentric rings in the 
region of neck and the vulval cone. Vulval cone 
ambif enestrate; semif enestrae semicircular and subequal, 
separated by a strong rectangular vulval bridge. 
Vulval slit small. Vulval denticles strong and appear 
near the apex of the vulval cone. Distinct but weak 
underbridge, usually lost during slide preparation. 
Arms of underbridge very fine at the periphery. Anus 
obscured due to the presence of heavy, rounded, and 
dark brown bullae. 
Males: Not found. 
Second stage juveniles: Body cylindrical, slightly 
ventrally curved, tapering at both extremities, more 
so posteriorly. Outer and inner cuticle with distinct 
annulation. Lip region slightly offset with 3-4 
annules, 3-4 um long 9 um wide. Cephalids usually 
indistinct. Cephalic framework heavily sclerotized. 
Stylet well developed with deeply concave basal knobs. 
Outlet of dorsal pharyngeal gland 6-7 um from stylet 
base. Median bulb ovoid, 70-84 um from anterior end. 
Pharyngeal glands elongate, overlapping the intestine 
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ventrally or ventrolaterally. Pharyngeal gland nuclei 
prominent. Nerve ring 79-91 urn from anterior end or 
54-60% of pharyngeal length. Excretory pore 100-123 urn 
from anterior end or 68-82% of pharyngeal length. 
Hemizonid distinct, two annules broad, four or five 
annules anterior to excretory pore. Genital primordium 
distinct, two celled, at little more than 50% of body 
from anterior end. Lateral fields areolated, with four 
lines, outer ones crenate. Phasmids small, slightly 
posterior to anus or about half anal body width behind 
anus. Tail conoid, tapering to a finely rounded 
terminus. Hyaline tail 59-65% of tail length. 
Host and locality: Soil from the rhizosphere of Zea 
mays from Daudpur, District Aligarh, Uttar Pradesh. 
Remarks: The specimens fit well with the original 
description of Heterodera wani Mathews, 1971 in most 
morphometries and morphological characters. However, 
minor differences occur in length and nature of lateral 
fields of second stage juveniles. [L=545.0 (512.0-
578.0) um vs 578.0(530.0-627,0) um, lateral fields 
non-areolated vs areolated]. 
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The type host of this species was rye-grass 
{Lolium perenne) but was also reported form Dactylis 
glomerata and Festuca pratensis. This discovery of H. 
mani in India represents the first record in the 
country and on a new host, maize [Zea mays) . 
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HETERODERA CAJANI KOSHY, 1967 
( F i g . 9 - 1 4 ) 
M e a s u r e m e n t s 
Females {n«15): L' = 528.5 ± 59.7 (463.0-620.0)um; W= 
330.6 ± 59.4 (250.0-410.0) uitl; L'/W = 1.59 ± 0.13 (1.3-
1.8); Stylet = 25.3 ± 1.49 (24.0-27.0) um. 
Cysts (n=30) : L' = 542.2 ± 56.3 (486.0-650.0) um; 
W=348.1 ± 47.0 (249.0-410.0) um; L'/W = 1.57 ± 0.22 
(1.17-1.96); vulval slit length = 42.6 ± 5.3 (32.0-
51.0) um; vulval bridge length = 44.7 ± 5.5 (33.0-53.0) 
um; vulval bridge width = 7.2 ± 1.3 (5.0-9.0) um; 
fenestral length = 40.5 ± 5.7 (32.0-54.0) um; fenestral 
width = 32.3 ± 4.7 (22.0-41.0) um; underbridge length 
= 78.6 ± 8.5 (68.0-110.0) um; underbridge width = 18.4 
± 5.1 (11.0-29.0) um; underbridge depth = 32.6 + 8.6 
(25.0-59.0) um; basin length = 45.7 ± 5.5 (37.0-59.0) 
um; basin width = 38.3 ± 3.6 (32.0-46.0) um; FL/FW = 
1.24 ± 0.09 (1.0-1.48) . 
Males (n=6): L = 1079.6 ± 74.4 (945.0-1145.0) um; a = 
45.5 ± 2.4 (41.0-47.7); b' = 6.4 ± 0.2 (6.0-6.6) ; b 
= 8.2 ± 0.3 (7.5-8.5); C = 197.0 ± 13.4 (185.0-218.0); 
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stylet = 24,6 ± 1.0 (24,0-26.0) um; pharynx = 166.8 ± 
6.7 (156.0-176.0)um; spicules = 27.6 ± 1.8 (26.0-30.0) 
um; gubernaculum = 8.3 ± 0.8 (8.0-10.0) um. 
Second stage juveniles (n-30) ; L = 408.0 ±50.1 (352.0-
511.0) um; a = 19.3 ± 1.7 (17.2-23.2); b' = 3.1 ± 0.3 
(2.7-3.8); b = 4.0 ± 0.3 (3.6-4.7); c = 9.8 ± 0.7 (8.7-
11.5); Stylet = 23.3 ± 1.4 (22.0-26.0) um; tail=41.1 
± 4.5 (35.0-48.0) um; hyaline tail = 24.9 ± 2.2 (21.0-
29.0) um. 
Description 
Females: Body white, lemon shaped with distinctly 
protruding neck and vulval cone. Neck elongate 139-
148 um long. Cuticular annulation in anterior and 
posterior region of the body. Cuticular pattern with 
zig-zag lines on the dilated body. Egg-sac present, 
half to double or sometimes more than double the size 
of female. Subcrystalline layer present. Head offset 
with two distinct annules, posterior one larger than 
the anterior. Cephalic framework weakly developed. 
Cephalids indistinct. Stylet well developed, with 
rounded basal knobs and sloping slightly posteriorly. 
Outlet of dorsal pharyngeal gland 5-7 um posterior to 
the base of the stylet knobs. Median bulb well 
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developed, ovoid, muscular, with a strong valvular 
apparatus, 30-36 urn wide, 39-42 urn long and 110-120 urn 
from anterior end. Basal pharyngeal lobe variable in 
size and shape. Excretory pore posterior to the median 
bulb, 138-148 um from anterior end. Vulva terminal, 
a transverse slit, 39-47 um long. Anus subterminal. 
Cysts: Cysts light to dark brown, lemon-shaped with 
a protruding neck and vulval cone. Cuticular annulation 
present in anterior and posterior region of the body. 
Cyst wall consits of typical zig-zag cuticular pattern 
(Fig. 148) . A white subcrystalline layer covers the 
cyst. Large egg-sac, often almost twice or more than 
twice the cyst length and filled with extruded eggs. 
Vulval cone ambifenestrate, semifenestrae semicircular, 
separated by a fairly wide vulval bridge about 5-9 um 
long. In few specimens the vulval bridge may be 
massive. Vulval slit 33-53 um long, and extending into 
the basin area. Semifenestrae bounded by a well formed 
basin. Underbridge well developed and cuticularized 
at the centre. Bullae dark brown, prominent, vary in 
shape, size and arrangement. Bullae may be present 
above, below or at the level of the underbridge and 
may or may not be forked at base. Some bullae are finger 
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like, scattered or they may meet the underbridge 
forming a supporting network while others may be larged 
and rounded and present below the level of underbridge. 
Vulval denticles may or may not be present and appear 
near thsj^apex of the vulval cone. 
Males: Body cylindrical, slightly tapering at both 
ends, and twisted in the posterior region. Cuticular 
annulation prominent. Head slightly offset with 4-5 
distinct annules, 5 um long, 8-9 um wide. Cephalic 
framework prominent. Cephalids distinct, anterior at 
level of second and posterior at level of eighth annule 
behind lip constriction. Stylet well developed with 
anteriorly directed basal knobs. Outlet of dorsal 
pharyngeal gland 5-6 um from stylet base. Median bulb 
ovoid, 17-19 um long,9-10 um wide, 100-106 um from 
anterior end with well developed valve plates. 
Pharyngeal glands elongate, overlapping the intestine 
ventrally or ventrolaterally, 172-180 um from anterior 
end. Nerve ring 102-110 um from anterior end. 
Excretory pore at the level or slightly anterior to the 
level of pharyngeo-intestinal junction, 121-129 um 
from anterior end. Hemizonid distinct, about two 
annules broad, and just anterior to excretory pore. 
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Lateral fields non-areolated, with four lines, outer 
ones crenate. Testis single, outstretched. Spicules 
arcuate, bidentate. Gubernaculum simple, slightly 
curved. Cloacal lips protruding. Tail short, bluntly 
rounded, usually twisted. Phasmids not observed. 
Second stage juveniles: Body cylindrical, straight 
upon fixation, tapering at both extremities more so 
posteriorly. Cuticle with distinct annulation. Head 
slightly offset with 3-4 lip annules, 4-5 um long, 8-
9 um wide. Cephalic framework well developed. 
Cephalids distinct, anterior at level of second and 
posterior at seventh or eighth annule behind the lip 
constriction. Stylet well developed with anteriorly 
directed basal knobs. Outlet of dorsal pharyngeal 
gland 3-5 um from stylet base. Median bulb ovoid, 11-
13 um long 8-10 um wide, 69-75 um from anterior end, 
with well developed valve plates. Pharyngeal glands 
elongate, overlapping the intestine ventrally or 
ventrolaterally, 120-132 um from anterior end. Nerve 
ring 76-81 um from anterior end. Excretory pore at the 
level or slightly posterior to pharyngeo-intestinal 
junction, 91-110 um from anterior end. Hemizonid 
distinct, about two annules broad, just anterior to 
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excretory pore. Genital primordium distinct, two 
celled, at about 50% of body length from anterior end. 
Lateral fields non-areolated, with four lines, outer 
ones crenate. Tail tapering to a bluntly rounded 
terminus. Hyaline tail more than half of tail length. 
Phasmids not observed. 
Host and localities: Soil from the rhizosphere of (1) 
Pigeon pea {Cajanus cajan) , ICRISAT, Hyderabad, Andhra 
Pradesh. (2) Black gram {Phaseolus mungo)from Atrauli, 
district Aligarh, Uttar Pradesh. (3) Lentil (Lens 
esculenta) from Khair, district Aligarh, Uttar Pradesh. 
(4) Millet (Sorghum vulgrare) f rom Agra road, Aligarh, 
Uttar Pradesh, and (5)Sugarcane (Saccharum officinarum) 
from Jamalpur, Aligarh, Uttar Pradesh. 
Remarks: The present specimens agree with the 
measurements and descriptions of Heterodera cajani 
given by Koshy (1967) but show minor variations. 
Females have a smaller body [L" = 528.4 (463.0-620.0) 
urn vs 569.0 (480.0-640.1) um, W = 330.6 (250.0-410.0) 
urn vs 378.0 (285.0-480.0) um] . Cysts have a smaller 
vulval slit [vulval slit length =42.6 (32.0-51.0) um 
vs 46.0 (39.0-51.0) um] . In males the stylet and 
spicules are smaller [stylet = 24.6 (24.0-26.0) um 
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vs 28.0 (27.0-30.0) um, spicules = 27.6 (26.0-30.0) urn 
vs 34.0 (31.0-41.0) um] , while in the second stage 
juveniles, the stylet and a value are smaller [stylet 
= 23.3 (22.0-26.0) um vs 26.0 (23.0-27.0) um, a = 19.3 
(17.2-23.2) vs 23.9 (18.3-28.9)]. 
The populations obtained from various hosts like 
pigeon pea, black gram, lentil, millet and sugarcane 
are similar in morphological characters and their 
morphometry. But minor variations occur only in the 
vulval cone of the cysts. 
The specimens from pigeon pea {Cajanus cajan) 
have well developed, cuticularized underbridge (Fig. 
10 C) with few, scattered, finger like bullae which are 
forked at the base (Fig.10 D,E). Bullae were usually 
observed at and below the level of underbridge. Vulval 
denticles absent. 
The population obtained from black gram have less 
defined basin (Fig.11 A), strong and massive vulval 
bridge (Fig.11 B) , prominent vulval denticles. Bullae 
may be rounded or finger-like, they are few in number 
when rounded or numerous when finger-like. Finger-like 
bullae bifurcated or trifurcated at the base. 
H. cajani collected from lentil have well defined 
fenestra and basin, prominent vulval denticles near 
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the apex of the vulval cone, cuticularised underbrige, 
bullae may be rounded or finger-like. Bullae few in 
number when rounded or numerous when finger-like. 
Finger-like bullae meet the underbridge forming a 
supporting network (Fig.12 B,C). 
The specimens collected from millet have weak 
fenestration and less defined basin, well developed 
underbridge which is relatively thick and cuticularized 
at the centre (Fig.12 E,F), prominent vulval denticles, 
two types of bullae rounded or finger-like; rounded 
bullae are scattered and finger-like bullae are 
compactly arranged, flat or forked at the base (Fig. 
12 E) . 
The sugarcane population has well developed 
cuticularized underbridge (Fig.13 A-C), prominent 
vulval denticles, two types of bullae, rounded or fine 
finger-like, rounded bullae few and scattered and 
finger-like bullae numerous, forked at the base and 
meeting the underbridge to form a supporting network. 
(Fig.13 B) . 
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HETERODERA NEOCAJANI SP.N 
( F i g . 1 5 - 1 6 ) 
M e a s u r e m e n t s 
Females (n-17) : L = 404.5 ± 50.6 {325.0-462 .0) urn; W = 
224.0 ± 59.1 (85.0-313.0) uitl; L/W = 1.8 ± 0.5 (1.3-3.8); 
Stylet = 24.0± 1.0 (23.0-26.0) urn. 
Cysts (n-10): L' = 421.1 ± 49.2 (327.0-470.0) um; W = 
239.0 ± 72.0 (85.0-313.0) uitl; L V W = 1.9±0.7 (1.4-3.8) ; 
vulval slit length = 39.7 ± 3.3 (36.0-46.0) um; vulval 
bridge length = 40.1 ± 3.4 (36.0-46.0) um; vulval 
bridge width = 5.3 ± 0.4 (5.0-6.0) um; fenestral length 
= 33.1 ± 1.5 (31.0-36.0) um; fenestral width = 31.9 ± 
2.3 (28.0-36.0) um; underbridge length = 73.9 ± 3.1 
(71.0-78.0) um; underbridge width = 11.8 ± 1.5 (9.0-
13.0) um; underbridge depth = 36.1 ± 4.3 (31.0-41.0) 
um; basin length = 38.8 ± 3.9 (35.0-46.0) um; basin 
width = 37.3 ± 4.1 (31.0-44.0) um; FL/FW = 1.03 ± 0.04 
(1.0-1.1) . 
Second stage juveniles (ns30): L = 426.6 ± 52.1 (359.0-
520.0) um; a = 25.2 ± 2.7 (22.0-30.0); b = 4.7 ± 0,5 
(3.9-5.9); b- = 3.4 ± 0.3 (2.6-3.9); c = 9.1 ± 1.4 (7.5-
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11.8); Stylet = 22.6 ± 0.5 (22.0-23.0) um; pharynx = 
128.4 ± 11.6 (116.0-151.0) um; tail = 46.3 ± 3.1 (43.0-
51.0) um; hyaline tail = 22.7 ± 1.5 (20.0-25.0) um. 
Description 
Females: Body pearl white, lemon shaped with distinctly 
protruding neck and vulval cone. Neck elongate, 82-
130 um long. Cuticle thick in the dilated part of body, 
with a zig-zag pattern. The cuticular pattern modified 
into concentric rings in the region of neck and the 
vulval. Egg sac present. Head offset with two distinct 
annules, posterior one larger than the anterior. 
Cephalic framework weak. Cephalids indistinct. 
Stylet well developed, with rounded basal knobs, 
anteriorly flattened. Dorsal pharyngeal gland orifice 
3-5 um posterior to the base of the stylet knobs. 
Median bulb well developed, rounded, muscular, 20-
23 um wide, 90-124 um from anterior end. Basal 
pharyngeal lobe variable in size and shape. Excretory 
pore posterior to the median bulb. Vulva terminal, 
vulval slit transverse, 36-46 umlong. Anus subterminal. 
Vulva-anus distance 57.0-102.0 um. 
Cysts: Cysts light to dark brown, lemon-shaped with 
a distinct neck and a vulval cone. Cuticle with 
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subscrystalline layer. Egg-sac large, fill with eggs. 
Cyst wall with zig-zag cuticular pattern. Vulval cone 
ambifenestrate, semifenestrae semicircular with greatest 
diameter parallel to vulva, separated by a narrow 
vulval bridge 5-6 um wide. Vulval slit long, extending 
irf"'''^-'-""%iriiiirfr#-^-'.-
rrgiit""'ul)Eo'~tnie Vulval bridge extremities. Underbridge 
simple, moderate, 31-41 um below apex of the vulval 
cone. Bullae usually absent, if present few in number, 
light to dark brown, rounded and located below the 
underbridge. Anus distinct. 
Second stage juveniles: Body cylindrical, ventrally 
curved after fixation, tapering at both extremities, 
more so posteriorly. Outer and inner cuticle with 
distinct annulation. Head slightly offset with 3-4 
lip annules, 5 um high, 9 um wide. Cephalids usually 
indistinct, anterior cephalid at second annule and 
posterior at seventh to tenth annule behind lip 
constriction. Cephalic framework sclerotized. Stylet 
well developed, basal knobs round with slightly 
concave anterior faces, less than 3 um high and 5 um 
wide. "= °-0utJ.et of dorsal pharyngeal gland 3-4 um from 
stylet base. Median bulb ellipsoidal, with well 
developed valve plates, 12-16 um long, 8-9 um wide and 
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65-81 urn from anterior end. Pharyngeo-intestinal 
junction at 77-114 urn from anterior end. Nerve ring 
broad, 67-97 um from anterior end or 51-71% of pharynx. 
Excretory pore 80-102 um from anterior end or 60-81% 
of pharynx. Hemizonid distinct, two annules broad, 
just anterior to excretory pore. Lateral fields non-
areolated with two distinct lines. Genital primodium 
at 53-60% of the body length. Anal body width 13-14 
um. Phasmids about one anal body width posterior to 
anus. Tail tapering to a rounded terminus. Hyaline 
tail 42-51% of tail length. 
Diagnosis and relationship: The cysts of H. neocajani 
sp.n, are lemon-shaped with a long vulval slit which 
extends right upto the vulval bridge extremities, 
vulval cone is ambifenestrate, semifenestrae 
semicircular with greatest diameter parallel to vulva, 
simple and moderate underbridge, bullae absent or few 
in number. The second stage juveniles have slightly 
concave stylet knobs, non-areolated lateral fields 
with two lines, conoid tail tapering to a pointed 
terminus, hyaline tail 42-51% of tail length, phasmids 
about half anal body width posterior^^^^piyim^ The males 
were not found. 
^S^wm^ 
The new species resembles H. cajani Koshy, 1971 
and H. trifolii Goffart, 1932 apud Mulvey and Anderson 
(1974) in having an ambifenestrate vulval cone, long 
vulval slit and well developed underbridge in cysts; 
anteriorly directed stylet knobs, non-areolated lateral 
fields in second stage juveniles. It can however, be 
differentiated from H. cajani in body width, L"/W ratio 
and stylet size in females; body width, L"/W ratio, 
vulval slit and absence or few bullae in cysts. [ W = 
378.0 ± 3.18 (285.0-480.0) um, L/W = 1.5 ± 0.02 (1.2-
1.9), Stylet = 26.0 ± 0.19 (25.0-28.0) um in females; 
W = 354.0 ± 0.5 (175.0-500.0) um, L/W = 1.58 ± 0.02 (1.0-
2.5), vulval slit length = 45.9 ± 0.38 (39.0-51.0) um, 
dark brown and well developed bullae in cysts] . From 
second stage juveniles of H. cajani, the new species 
can be differentiated in a and b value, stylet size and 
number of lateral lines [a = 23.9 ± 0.27 (18.3-28.9); 
b = 4.1 ± 0.08 (3.2-5.3); Stylet = 25.6 ± 0.12 (23.1-
27.0) um; and four lateral lines in second stage 
juveniles of H. cajani] . 
From H. trifolii, the new species can be 
differentiated by a smaller body in females, smaller 
body width, vulval slit, fenestral size, size of 
underbridge, moderately developed underbridge, absence 
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or few bullae in cysts [L = 520.0-650.0 um, W = 320.-
340.0 um in females; W = 190.0-615.0 um, vulval slit 
length = 39.0-58.0 um, fenestral length = 45.0-60.0 um, 
fenestral width = 31.0-49.0 um, underbridge length = 
80.0-100.0 um, underbridge width = 20.0-28.0 um, 
underbridge heavier and strongly pigmented, sometimes 
double underbridge and heavy bullae in cysts]. From 
second stage juveniles, the new species is differentiated 
in having a smaller stylet, tail, hyaline tail and in 
number of lateral lines [stylet = 27.0 (25.0-29.0) um; 
tail = 59.0 (55.0-65.0) um; hyaline tail = 36.0 (30.0-
38.0) um; and four lateral lines in second stage 
juveniles of H. trifolii] . 
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HETERODERA ORYZICOLA RAO AND JAYAPRAKASH, 197 8 
(Fig.17) 
Measurements 
Cysts (n-2): L' = 452.5 ± 19.0 (439.0-466.0) uiti; W = 
333.0 ± 11.3 (325.0-341.0) uitl; L'/W = 1.3 ± 0.14 (1.2-
1.4); vulval slit length = 46.5 ± 0.7 (46.0-47.0) urn; 
vulval bridge length = 50.5 ± 0.7 (50.0-51.0) urn; 
vulval bridge width = 5.0 ± 0.0 (5.0-5.0) urn; fenestral 
length = 57.0 ± 4.2 (54.0-60.0) urn; fenestral width = 
33.0 ± 1.4 (32.0-34.0) um; underbridge length = 76.5 
+ 4.9 (73.0-80.0) um; underbridge width = 5.5 ± 0.7 
(5.0-6.0) um; underbridge depth = 19.0 + 1.4 (18.0-
20.0) um; basin length = 76.0 + 4.2 (73.0-79.0) um; 
basin width = 50.0 ± 1.4 (49.0-51.0) um; FL/FW = 1.6 
± 0.07 (1.6-1.7) . 
Males (n=l): L = 818.0 um; a = 43.0 ; b' = 5.8 b = 7.9; 
c = 204.5; Stylet = 18.0 um; spicules = 23 um; 
gubernaculum = 9 um. 
Second stage juveniles (ns3): L = 463.8 ± 15.8 (451.0-
481.0) um; a = 29.5 ± 1.2 (28.1-30.4); b' = 2.7 ± 0.3 (2.4-
3.1); C = 7.5 ± 0.2 (7.2-7.7); stylet = 18.0 ± 0.0 (18.0-
18.0) um; tail = 61.3 ± 2.0 (59.0-63.0) um; hyaline tail 
= 36.3 ± 2.0 (34.0-38.0)um. 
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Description 
Females: Not found 
Cysts: Cysts light to dark brown, lemon-shaped with 
prominent vulva. Cyst wall thick, with zig-zag 
cuticular pattern. Egg sac present. Vulval cone 
ambifenestrate, surrounded by a broad and well formed 
basin, Semifenestrae semicircular, symmetrical, 
separated by a 5 um wide vulval bridge. Vulval slit 
46-47 um long. Underbridge weak, thin, with bifurcated 
ends. Bullae dark brown, small, round, few to many, 
usually located at periphery, but with no definite 
arrangement. Vulval denticles prominent and seen just 
below the fenestral level. One bulla is generally 
present in the anal region. Anus prominent with a 
definite cuticular pattern. Vulva-anus distance 22-
25 um. 
Males: Body cylindrical and twisted at posterior 
region. Head slightly offset, consists of four 
distinct annules, 9 um wide and 4 um high. Cephalic 
framework strong. Cephalids not seen. Stylet well 
developed with rounded knobs. Outlet of dorsal 
pharyngeal gland 4 um from stylet base. Median bulb 
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ovoid, 8 um wide, 15 urn long, and 81 urn from anterior 
end. Pharyngeal glands elongated, overlapping the 
intestine ventrally. Pharynx 150 um long. Nerve ring 
broad 87 um from anterior end or 58% of pharyngeal 
length. Excretory pore 110 um from anterior end or 73% 
of pharyngeal length. Hemizonid about two annules 
broad, and five annules anterior to excretory pore. 
Lateral fields non-areolated with four lines. Testis 
single, outstretched, 426 um long. Spicules simple, 
arcuate, bidentate. Gubernaculum simple, slightly 
curved. Cloacal lips protruding. Tail short, bluntly 
rounded, usually twisted. Phasmids not seen. 
Second stage juveniles: Body cylindrical, tapering at 
both extremities, more so posteriorly. Cuticle with 
distinct annulation. Head slightly offset with 3-4 
annules, 3-4 um high and 7 um wide. Cephalic framework 
sclerotized. Cephalids not seen. Stylet well 
developed with anteriorly directed knobs, about 2 um 
high and 3-4 um wide. Outlet of dorsal pharyngeal gland 
4-5 um from stylet base. Median bulb ovoid, 12-15 
um long, 7-9 um wide and 68-85 um from anterior end. 
Pharyngeal glands elongate, overlapping the intestine 
ventrally or ventrolaterally. Pharynx 144-188 um 
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long. Nerve ring broad, 71-78 um from anterior end or 
36-49% of pharyngeal length. Excretory pore distinct, 
located 87-94 um from anterior end or 49-60% of 
pharyngeal length. Hemizonid distinct 1-4 annules 
anterior to excretory pore. Lateral fields non-
areolated with three lines. Genital primordium 
consisting of two cells, at 52-55% of the body length 
from anterior end. Tail long tapering to a pointed 
terminus. Hyaline tail 58-62% of tail length. 
Phasmids in the anterior one third of tail. 
Host and locality: Soil from the rhizosphere of 
sugarcane {Saccharum officinarum) from Siwan, Bihar. 
Remarks: The present specimens agree with the 
measurements and description of Heterodera oryzicola 
given by Rao and Jayaprakash (1978) but show minor 
variations. The fenestral length is greater and 
underbridge length is smaller in cysts [fenestral 
length = 57 (54-60) um vs 32 (27-40) um; underbridge 
length = 75.5 (73-80) um vs 105 (84-112) um] . Males 
have smaller body and c value and greater a value [L 
= 818 umvs 935 (896-980) um; a = 43.0 vs 33.4 (32-35); 
c = 204.5 vs 267 (224-326)] . The second stage juveniles 
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have longer body, and hyaline tail, and greater 'a' 
value [L=463 (457-481) urn vs 392 (370-428) urn; a = 29.5 
(28.1-30.4) vs 19.4 (19-20); and hyaline tail = 36.3 
(34-38) vs 28 (22-29) um]. 
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HETERODERA TRIFOLII GOFFART, 1932 
(Fig.18-19) 
Measurements 
Cysts (n»4): L = 593.0 ± 966.6 (483.0-662.0) um, W = 
427.0 ± 109.5 (304.0-511.0) um, W/L = 1.41 ± 0.15 (1.29-
1.59); vulval slit length = 38.7 ± 0.8 (38.0-40.0) um; 
vulval bridge length = 41.6 ± 2.2 (40.0 - 44.0) um; 
fenestral length = 47.5 ± 3.0 (44.0 - 50.0) um; 
fenestral width = 30.3 ± 2.2 (28.0-32.0) um; FL/FW = 
1.56 ± 0.01 (1.54-1.57); underbridge length = 109.1 ± 
1.4 (107.0 - 110.0) um; underbridge width = 2 2.7 + 3.1 
(20.0 - 25.0) um. 
Second stage juveniles (nsio): L = 0.42 ± 0.04 (0.43-
0.55) mm; a = 23.9 ± 1.9 (20.9 - 26.7); b' = 3.5 ± 0.8 
(2.9 - 4.1); c = 7.8 ± 0.5 (7.1-8.9); Stylet = 28.6 ± 
0.7 (28.0 - 29.0) um; tail = 63.7 ± 4.8 (59.0 - 73.0) 
um; hyaline tail = 35.2 ± 2.2 (32.0 - 40.0) um. 
Description 
Cysts: Cysts light to dark brown, typical lemon shaped 
with a distinct neck and a prominent vulval cone. Cyst 
wall with irregular zig-zag pattern, forming a network 
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over the body. Cysts covered partially with a thin, 
white subcrystalline layer. Vulval cone ambifenesrate; 
semifenestrae semicircular, separated by vulval bridge, 
and surrounded by a well developed basin. Basin 59-
66 urn long, 44-47 urn wide. Vulval slit long and extends 
into the basin area. Underbridge heavy and strong with 
pigmented central thickenings, bifurated at periphery 
{Fig. 19 B-D), lying 35-44 urn below apex of the vulval 
cone. Underbridge usually parallel to vulval axis but 
in two specimens it is oblique to vulval axis (Fig. 19 
B). Mulvey's bridge not seen. Bullae vary in shape 
and size, but usually large, some arranged at the 
periphery, mostly below but some above the underbridge 
also. 
Second stage juveniles: Body cylindrical, elongate, 
tapering at both ends more so posteriorly. Outer and 
inner cuticle with distinct annulation. Head slightly 
offset, 4-6 um long and 9-10 um wide. Lip annules 
indistinct, only posterior one is prominent. Cephalids 
distinct, anterior at level of first and posterior at 
level of seventh annule from lip constriction. 
Cephalic framework sclerotized. Stylet robust, basal 
knobs about 3 um high, 6 um wide with concave anterior 
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surfaces. Outlet of dorsal pharyngeal gland 4-9 um 
from stylet base. Median bulb ovoid, with well 
developed valvular apparatus, 85-93 um from anterior 
end. Pharyngeal glands elongate, overlapping the 
intestine ventrally or ventrolaterally with prominent 
nuclei. Nerve ring encircling isthmus at 98-108 um 
from anterior end. Excretory pore 113-122 um from 
anterior end. Hemizonid distinct, two annules broad, 
just anterior to excretory pore. Lateral fields with 
four lines, non-areolated, outer ones crenate. Genital 
primordium oval, with two cells at about 50% of body 
length. Phasmids small, pore like, 1-1.5 anal body 
width behind anus. Tail tapering uniformly to a finely 
rounded terminus. Hyaline tail usually 48-64% of tail 
length. 
Females: Not found. 
Males : Not found. 
Host and locality: Soil iround rhizosphere of Salad 
{Lactuca sativa L.) Shillong, Meghalaya. 
Remarks: The specimens of Shillong population resembles 
Heterodera trifolii in most morphometric and 
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morphological characters. They are particularly 
similar to the description given by Mulvey (1972) 
though the length and depth of the underbridge tends 
to be slightly different. [Underbridge length 107-
110 um vs 80-100 um; and underbridge depth 3 5-44 um 
vs 33-38 um] . In addition, some specimens have an 
underbridge which is slightly oblique to the vulval 
axis. 
In India this species was first recorded from 
Bihar Swarup et al. (1963) around the rhizosphere of 
Cucumis sativus, Cucurbita maxima and Cucurbita pepo. 
No furthur reports have been made since then. This 
report from Meghalaya is the second record of this 
species from India. 
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HETERODBRA ZEAE KOSHY, SWARUP AND SETHI, 1971 
(Fig. 20-22) 
Measurements (Table 5-8) 
Description 
Females: Body pearl white, basically lemon shaped with 
elongate neck and prominent vulval cone. Cuticle thin 
with a zig-zag pattern. Egg sac present, easily 
detached from females. Head distinctly offset, with 
two prominent lip annules, posterior one larger than 
anterior and generally disc-shaped. Cephalic framework 
indistinct. Cephalids indistinct. Stylet fairly 
strong, basal knobs well developed, tips anteriorly 
directed. Outlet of dorsal pharyngeal gland 3-5 um 
from stylet base. Median bulb large, rounded, 
muscular, with well developed valve plates, 52-76 um 
from anterior end. Pharyngeal glands in a single lobe, 
variable in shape and size. Excretory pore distinct, 
far below the level of median bulb. Ovaries paired. 
Vulva terminal, transverse, 32-45 um long. Anus 
subterminal, located in a small depression of the 
cuticle. Vulva-anus distance 49-62 um. 
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Cysts; Cysts light brown, basically lemon shaped with 
a distinct neck and a prominent vulval cone. Cuticle 
without subcrystalline layer. Cyst wall consist of 
zig-zag cuticular pattern on body and forms concentric 
rings in the region of the neck and the vulval cone. 
Vulval cone ambifenestrate, semifenestrae semicircular, 
in some specimens almost circular (Fig.21 B) separated 
by a narrow vulval bridge, 6-7 urn wide. Vulval slit 
long, extending into the basin area, generally forked 
at ends. Basin distinct, 46-69 um long, 33-54 um wide. 
Underbridge simple, short, well developed and lying 
19-51 um below apex of the vulval cone. Bullae heavy, 
long finger-like and branched at base, located at two 
levels in vulval cone; level one immediately below the 
underbridge and having four long thick finger-like 
bullae projecting inwards giving a cross-like appearance 
at the centre; level two a mass of fine, branched bullae 
randomly located and projecting inwards. Vulval 
denticles present. Anus distinct, vulva-anus distance 
51-62 um. 
Hales: Body cylindrical, slightly ventrally curved, 
tapering slightly at both ends, and twisted in the 
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posterior region. Cuticle distinct, outer and inner 
cuticle with regular annulation. Head continuous with 
four lip annules, 4-6 urn long 7-10 um wide. Cephalids 
distinct, anterior one annule and posterior 6-7 
annules behind the lip constriction. Cephalic framework 
sclerotized. Stylet well developed with prominent, 
rounded, anteriorly flattened basal knobs, 4-6 um 
wide. Outlet of dorsal pharyngeal gland 5-8 um from 
stylet base. Median bulb ovoid, with well developed 
valve plates, 8-13 um wide and 83-97 um from anterior 
end. Pharyngeal gland elongate, overlapping the 
intestine ventrally, subventral glands more prominent 
with prominent nuclei and 147-198 um from anterior end. 
Hemizonid two annules wide, 2-3 annules or just 
anterior to excretory pore. Hemizonion seen only in 
one specimen 7 annules posterior to excretory pore. 
Lateral fields non-areolated, with four lines, outer 
lines crenate. Testis single, outstretched, 269-491 
um long. Spicules slightly arcuate, tips bidentate. 
Gubernaculum simple, slightly curved. Cloacal lips 
protruding. Phasmids indistinct, usually located 
slightly posterior to anus. Tail short, bluntly conoid 
or rounded, 6-9 um long. 
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Second stage juveniles: Body cylindrical, almost 
straight, tapering at both extremities, more so 
posteriorly. Outer and inner cuticle with distinct 
annulation. Head continuous with four lip annules, 3-
4 um long and 7-9 um wide. Cephalids distinct, 
anterior at second and posterior at eighth annule 
behind lip constriction. Cephalic framework sclerotized. 
Stylet well developed, basal knobs 2-3 um wide. Outlet 
of dorsal pharyngeal gland 3-5 um from stylet base. 
Median bulb ovoid, with well developed valve plates, 
58-78 um from anterior end. Pharyngeal glands 
elongate, covering the intestine ventrally or 
ventrolaterally with distinct subventral glands and 
nuclei. Nerve ring broad, 68-73 um from anterior end. 
Excretory pore 74-110 um from anterior end. Hemizonid 
distinct, two annules broad, just anterior to excretory 
pore. Lateral fields non-areolated with four distinct 
lines, outer ones crenate. Phasmids small, slightly 
posterior to anus and in the anterior third of the tail. 
Tail tapering uniformly to an acutely rounded or 
pointed terminus. Hyaline tail slightly more than one-
third of tail length. 
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KORPHOMETRICS 
In all the four populations, it was observed that 
body length, body width, stylet, tail, b and c ratio 
in second-stage juveniles; the stylet, and L/W ratio 
of females; vulval slit length, vulval bridge length, 
fenestral length, basin length and basin width in 
cysts; stylet length, procorpus length, median bulb 
length from anterior end, spicule length, gubernaculum 
length and ratio of lip width/lip height in males are 
the least variable morphometric characters and may be 
considered quite stable and consistent. Median bulb 
length from anterior end, hyaline tail length, value 
of a ratio in second stage juveniles; length of median 
bulb from anterior end in female; vulval bridge width, 
underbridge width, underbridge depth, ratio of FL/FW, 
body length and body width in cyst; body length, body 
width, pharyngeal length, lip height and lip width in 
males exhibited moderate variation and hence are 
comparatively less consistent characters. Median bulbs 
width and pharyngeal length in second stage juveniles; 
body length and body width in females; vulval bridge 
width, fenestral width, underbridge length, underbridge 
width, underbridge depth in cysts; testis length, tail 
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length, value of b, c and T ratio in males showed 
a high degree of variation. The vulval bridge width, 
underbridge width and underbridge depth overlapped 
between moderate and highly variable characters. 
Host and locality: Soil from rhizosphere of 1) barley 
(Hordeum vulgare), Udaipur, Rajasthan, 2) Wheat 
(Triticum aestivum) from village Boara, district 
Ajmer, Rajasthan and from village Nur, district 
Udaipur, Rajasthan, 3) Mustard (Brassica campestris) 
and spinach {Spinacia oleracea) from village Balelcha, 
district Udaipur, Rajasthan and 4) Maize {Zea mays) 
from Khair, district Aligarh, Uttar Pradesh. 
Remarks: The morphological characters and their 
morphometry in females, cysts and second stage 
juveniles are in agreement with Koshy's (1971) and the 
males are in agreement to Hutzell's (1984) descriptions 
and drawings of Heterodera zeae except stylet length, 
tail length, 'a' value in juveniles and males, spicules 
tips in male, vulval slit length in cysts. Stylet 
length in juveniles and males and vulval slit length 
in cysts are slightly shorter whereas tail length and 
value of 'a' ratio is more than the original measurements 
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of H. zeae. Spicules tips are bidentate against 
pointed, nondentate tips. Cyst length and width have 
a wider range than the original. 
Vulval cone morphology in cysts, body posture, 
shape of stylet, shape and length of tail, and number 
of lateral lines in second stage juveniles,- shape of 
stylet, number of lateral lines, shape and length of 
spicules and gubernaculum in males are used as 
principal characters to distinguish members of Heterodera 
zeae group. In the present study, all specimens from 
barley, wheat, mustard and spinach, and maize were 
ambifenestrate with weak to moderately developed 
underbridge, characteristic arrangement of four long 
bullae projecting inward just below the underbridge, 
fine and thin bullae randomly arranged at a lower 
level, straight body posture after fixation, stylet 
with anteriorly flattened rounded basal knobs, tail 
with acutely pointed terminus, four non-areolated 
lateral lines in juveniles without any discernible 
inter or intra population variation. 
Generally, the specimens obtained from mustard 
and spinach were smaller than the other specimens 
obtained from barley, wheat, and from the original 
measurement of H. zeae. Body width, length of median 
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bulbs from anterior end, length and width of median 
bulbs, L/w ratio in female;cyst length, cyst width, 
fenestral width in cyst; body length, body width, 
stylet length, median bulbs width, pharyngeal length, 
position of excretory pore, tail length, hyaline tail 
length,value of 'a' ratio in second stage juveniles of 
mustard and spinach population are shorter than the 
population obtained from barley, wheat, maize and from 
the original measurements of H. zeae. Few specimens of 
these population have almost circular semifenestrae. 
Populations obtained from wheat have relatively 
strong underbridge with few bullae at level two. The 
relation between the strength of underbridge and the 
number of bullae at level two can be arranged in the 
categories: 1) weak and thin underbridge when the 
bullae at level two are dense and arranged in 
continuous ring, 2) moderate underbridge when the 
bullae at level two are not arranged in a continuous 
ring and 3) strong underbridge when the bullae at level 
two are few and not arranged in a continuous ring. 
Morphometries of maize population are most similar 
to descriptions of original population of H. zeae and 
may be due to the same host and environmental 
conditions. 
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stepwise analysis showed the population from 
mustard and spinach is partially different from other 
barley, wheat and maize population. The population 
obtained from barley and wheat are virtually 
indistinguishable from each other. 
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Table 5 
Morphological characteristics of Heterodera zeae females from 
various hosts 
A = 
B = 
C = 
D = 
E = 
Barley - Udaipur, Rajasthan. 
Wheat - Ajmer and Udaipur, Rajasthan. 
Mustard and Spinach - Udaipur, Rajasthan. 
Maize -Aligarh, Uttar Pradesh. 
Original measurements (Koshy ef a/., 1971) 
Characters Population Range Mean S.E. S.D. C.V. 
Length (L) 
Width (W) 
A 
B (n =20) 
C (n = 20) 
D(n = 15) 
A 
B (n =20) 
C (n = 20) 
D(n = 15) 
4240.-710.0 
375.0-675.0 
399.0-718.0 
325.0-684.0 
320.0-560 
255.0-551 
260.0-537 
423.0-716, 
523.1 
450.4 
536.0 
491.0 
428.3 
405.4 
422.8 
592.0 
20.3 
15.5 
29.3 
18.0 
20.0 
20.5 
25.5 
15.1 
89.7 
69.4 
111.5 
89.6 
90.3 
97.1 
17.1 
15.4 
20.0 
20.9 
22.2 
22.9 
Stylet 
Median bulb 
from anterior 
end 
A 
B (n =20J 
C (n = 20) 
D(n = 15) 
A 
B (n =20J 
C (n = 20) 
D(n=15) 
24.0-25.0 
24.0-25.0 
24.0-25.0 
24.0-25.0 
53.0-86.0 
46.0-72.0 
52.0-76.0 
24.5 
24.3 
24.3 
67.0 
58.5 
62.8 
0.1 
0.1 
0.1 
2.5 
2.4 
2.6 
0.5 
0.6 
0.4 
11.4 
11.1 
10.2 
2.0 
2.4 
1.6 
17.0 
18.9 
16.0 
Median bulb 
length [n=20J 27.0-43.0 34.3 1.2 5.5 16.0 
n = 20) 23.0-41.0 32.5 1.5 6.9 21.2 (n=15) 27.0-45.0 35.0 1.6 6.4 18.2 
Median bulb 
width (n=20J 26.0-410 33.3 1.2 5.5 16.5 (n = 20) 21.0-39.0 30.5 1.5 7.0 22.9 (n=15) 27.0-41.0 33.7 1.3 5.2 15.4 
UW A 
B (n =20J 
C (n = 20) 
D(n=15) 
1 0-1 
1.0-1 
1.0-1 
0-1 1 
1.2 
1.1 
1.2 
1.2 
0.02 
0.02 
0.02 
0.02 
0.1 
0.1 
0.1 
8.3 
9.0 
8.3 
All measurements in urn. 
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Table 6 
Morphological characteristics of Heterodera zeae cysts from 
various hosts 
A = Barley-Uda ipur, Rajasthan. 
B = Wheat-Ajmer and Udaipur.Rajasthan. 
C = Mustard and Spinach - Udaipur, Rajasthi 
D = Maize-Aligarh, Uttar Pradesh. 
an. 
E = Original measurements (Koshyef a/., 1971) 
Characters 
Cyst length (L) 
Cyst width (W) 
Vulval slit 
length (VSL) 
Vulval bridge 
length (VBL) 
Vulval bridge 
width (VBW) 
Fenestral 
length (FL) 
Population 
A ( n = 4 0 ) 
B (n =40) 
C (n = 40) 
D (n = 35) 
E 
A (n = 40) 
B (n=40) 
C (n = 40) 
D (n = 35) 
E 
A (n = 25) 
B (n=30) 
C (n = 25) 
D ( n = 2 5 ) 
E 
A (n = 25) 
B (n=30) 
C(n = 25) 
D(n = 25) 
E 
A (n = 25) 
B (n=30) 
C(n = 25) 
D(n = 25) 
E 
A ( n = 2 5 ) 
B (n=30) 
C ( n = 2 5 ) 
D ( n = 2 5 ) 
E 
Range 
426-700 
424-690 
326-682 
398-684 
342-684 
255-551 
255-551 
245-525 
250-537 
260-537 
29-46 
26-46 
32-47 
38-45 
36-58 
33-49 
32-49 
38-53 
39-49 
4-10 
4-10 
5-10 
5-10 
5-9 
36-62 
36-62 
39-59 
38-56 
37-53 
Mean 
546.0 
546.0 
497.6 
505.0 
601.0 
362.3 
362.3 
357.3 
364.0 
396.0 
40.2 
38.9 
41.3 
41.1 
44.0 
43.2 
43.5 
43.9 
42.8 
7.6 
7.6 
7.8 
7.3 
7.0 
45.0 
45.1 
45.7 
43.5 
44.0 
S.E. 
12.1 
12.0 
13.9 
12.6 
10.0 
9.7 
9.7 
11.3 
11.4 
8.8 
0.6 
0.8 
0.6 
0.5 
1.0 
0.8 
0.8 
0.8 
0.7 
0.3 
0.3 
0.28 
0.28 
0.2 
0.9 
0.8 
0.9 
0.8 
0.8 
S.D. 
76.5 
76.0 
88.0 
74.2 
-
61.3 
61.3 
71.7 
67.3 
-
3.3 
4.4 
3.1 
2.6 
-
4.2 
4.6 
4.2 
3.5 
1.5 
1.5 
1.4 
1.4 
-
4.5 
4.4 
4.5 
4.3 
-
C.V. 
14.0 
13.0 
17.6 
14.6 
-
16.9 
16.9 
20.0 
18.4 
-
8.2 
11.3 
7.5 
6.3 
-
9.7 
10.5 
9.5 
8.1 
19.7 
19.7 
17.9 
19.1 
-
10.0 
9.7 
9.8 
9.8 
Contd. 
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Fenestral 
width (FW) 
Underbridge 
length (UBL) 
Underbridge 
width (UBW) 
Underbridge 
depth (UBD) 
Basin length (BL) 
A ( n = 25) 
8 (n=30) 
C (n = 25) 
D (n = 25) 
E 
A ( n = 25) 
B (n=30) 
C (n = 25) 
D (n = 25) 
E 
20-42 
20-44 
19-43 
24-43 
16-21 
32-69 
32-71 
41-69 
38-60 
A ( n = 25) 7-13 
B (n=30) 7-13 
C ( n = 25) 7-13 
D ( n = 2 5 ) 7-12 
E 
A (n = 25) 9-49 
B (n=30) 20-51 
C (n = 25) 20-38 
D(n = 25) 19-36 
E 
A (n = 25) 46-67 
B (n=30) 48-69 
C ( n = 2 5 ) 53-68 
D (n = 25) 48-67 
E 
Basin width (BW) A ( n = 25) 33-48 
B (n=30) 33-49 
C (n = 25) 39-54 
D ( n = 2 5 ) 40-53 
28. 
28. 
29. 
33. 
19. 
52. 
53. 
51. 
46. 
5 
6 
4 
0 
0 
3 
5 
8 
1 
10.4 
10.4 
10.7 
10.3 
30.4 
32.9 
34.9 
29.8 
56.0 
56.2 
59.9 
56.6 
43.5 
43.5 
45.0 
44.4 
1.1 
0.4 
2.0 
2.4 
2. 
1. 
0.2 
0.2 
0.4 
0.28 
1.0 
1.3 
1.3 
1.16 
0.8 
0.8 
1.2 
1.14 
0.9 
0.9 
0.9 
0.8 
5.6 
5.8 
7.1 
5.5 
10.3 
13.2 
10.6 
7.4 
1.4 
1.5 
2.1 
1.4 
4.4 
4.5 
6.0 
5.7 
4.8 
4.9 
4.7 
4.2 
19.6 
20.2 
24.1 
16.6 
19.6 
24.6 
20.4 
16.0 
13.4 
14.4 
19.6 
13.5 
5.4 17.7 
7.4 22.4 
1.18 16.9 
5.8 19.4 
7.8 
8.0 
10.0 
10.0 
11.0 
11.2 
10.4 
9.4 
FL/FW A ( n = 2 5 ) 
B (n=30) 
C (n = 25) 
D (n = 25) 
E 
1.2-2.0 
1.2-2.0 
1.2-2.3 
1.2-2.0 
1.6 
1.5 
1.6 
1.5 
0.04 
0.04 
0.06 
0.04 
0.2 
0.2 
0.3 
0.2 
12.5 
13.3 
18.7 
13.3 
All measurements in um. 
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Table 7 
Morphological characteristics of Heterodera zeae males 
B = Wheat-AjmerandUdaipur, Raiasthan. 
E = Original measurements (Hutzell, 1984). 
Characters 
Body 
lengih 
Body 
width 
Stylet 
Procorpus 
Median bulb from 
anterior end. 
Pharynx 
Testis 
Tail 
Spicules 
Gubernaculum 
Lip height 
Lip width 
a 
b 
c 
T 
Lip width/ 
Lip height 
Population Range 
B(n = 7) 630.0-952.0 
E(n =100)640.8-993.6 
B (n = 7) 
E(n=100) 
B (n = 7J 
E(n=100) 
B (n = 7) 
E(n=100) 
B (n = 7J 
E(n=100) 
19.0-25.0 
19.0-25.0 
24.0-24.8 
68.0-78.0 
83.0-97.0 
B(n = 7) 147.0-198.0 
E(n=100) 
B(n = 7J 269.0-491.0 
E(n=100) 
B (n = 7J 
E(n=100) 
B (n = 7) 
E(n=100) 
B (n = 7) 
E(n = l6o) 
B (n = 7) 
ECn=100) 
B (n = 7) 
E(n=100) 
B (n = 7) 
ECn=100) 
B (n = 7) 
E(n=100) 
6.0-9.0 
4.0-7.2 
30.0-32.0 
24.8-32.0 
9.0-10.0 
8.0-11.2 
4.0-6.0 
4.8-5.7 
7.0-10.0 
8.8-9.6 
33.0-46.4 
18.9-39.9 
3.1-6.3 
3.6-6.6 
B(n = 7) 103.1-162.0 
E(n =100) 105.0-207.0 
B (n = 7J 
E(n=100) 
B (n = 7) 
E(n=100) 
28.2-53.1 
1.6-1.7 
1.6-2.0 
Mean 
853.5 
806.9 
20.7 
23.3 
24.2 
73.2 
89.8 
161.0 
345.0 
7.0 
5.8 
31.0 
27.8 
9.2 
9.4 
5.6 
5.0 
9.8 
9.0 
41.2 
32.1 
5.3 
5.1 
122.9 
132.8 
40.9 
1.6 
1.8 
S.E. 
42.3 
1.0 
0.7 
1.4 
2.2 
7.9 
26.8 
0.6 
0.2 
0.15 
0.19 
0.4 
1.8 
0.38 
9.2 
3.4 
0.01 
S.D. 
110.0 
77.6 
2 .7 
1.9 
0.32 
3.7 
5.8 
20.6 
70.8 
1.6 
0.7 
0.55 
1.6 
0.4 
1.3 
0.5 
0.35 
1.1 
0.36 
4.7 
4.3. 
1.0 
0.7 
24.0 
27.5 
9.0 
0.03 
0.13 
c.v. 
12.8 
13.0 
8.0 
5.0 
6.4 
12.7 
20.5 
22.8 
1.7 
4.3 
8.9 
11.2 
11.3 
18.8 
19.5 
22.0 
1.8 
All measurements in um. 
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Table 8 
Morphological characteristics of second stage juveniles of 
Heterodera zeae from various hosts 
A = Barley - Udaipur, Rajasthan. 
B = Wheat-Ajmer and Udaipur, Rajasthan. 
C = Mustard and Spinach - Udaipur, Rajasthan. 
D = Maize - Aligarh, Uttar Pradesh. 
E = Original measurements (Koshyef a/., 1971) 
Characters Population Range Mean S.E. S.D. C.V. 
Body length 
Body width 
Stylet 
Median bulb from 
anterior end 
Width of median 
bulb 
Pharynx 
A (n = 25) 
B(n = 20) 
C (n=25) 
D (n=25) 
E 
A (n = 25) 
B (n = 20) 
C (n=25) 
D (n=25) 
E 
A ( n = 25) 
B (n = 20) 
C (n=25) 
D (n=25) 
E 
A ( n = 25) 
B (n = 20) 
C (n=25) 
D(n=25) 
E 
A ( n = 25) 
B (n = 20) 
C (n=25) 
D(n=25) 
E 
A ( n = 2 5 ) 
B (n =20) 
C(n = 25) 
D(n = 25) 
360.0-430.0 
354.0-428.0 
354.0-392.0 
399.0-460.0 
360.0-440.0 
16.0-17.0 
16.0-17.0 
14.0-19.0 
16.0-18.0 
19.0-20.0 
19.0-20.0 
19.0-20.0 
19.0-20.0 
20.0-25.0 
58.0-67.0 
59.0-75.0 
7.0-11.0 
7.0-11.0 
7.0-10.0 
7.0-11.0 
124.0-182.0 
124.0-182.0 
105.0-141.0 
110.0-170.0 
408.6 
406.1 
370.6 
436.5 
410.0 
16.1 
16.2 
15.0 
17.1 
19.2 
19.2 
19.4 
19.8 
23.0 
61.2 
63.8 
8.2 
8.4 
8.0 
8.3 
154.2 
153.5 
10.3 
139.6 
3.6 
4.0 
2.2 
3.7 
40.0 
0.1 
0.1 
0.2 
0.1 
0.1 
0.1 
0.1 
0.1 
0.3 
0.6 
0.9 
0.2 
0.2 
0.1 
0.2 
3.4 
4.1 
2.5 
3.0 
18.4 
17.7 
11.0 
18.5 
0.5 
0.5 
1.3 
0.8 
0.5 
0.5 
0.6 
0.5 
2.8 
4.6 
1.2 
1.3 
0.9 
1.3 
17.1 
18.4 
12.5 
15.6 
4.5 
4.3 
2.9 
4.2 
3.0 
3.0 
8.6 
4.6 
2.5 
2.5 
3.0 
2.5 
4.5 
7.2 
14.0 
15.0 
11.2 
15.6 
11.0 
11.9 
10.3 
11.1 
Contd. 
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Excretory pore 
pore from 
anterior end 
A(n = 25) 
B (n =20) 
C (n = 25) 
D (n = 25) 
E 
80.0-105.0 
79.0-104.0 
74.0-83.0 
83.0-110.0 
94.4 
92.7 
88.4 
90.1 
1.5 
1.7 
1.5 
1.7 
7.5 
7.8 
7.5 
8.7 
7.9 
8.4 
8.4 
9.6 
Tail A (n = 25) 
B (n =20) 
C (n = 25) 
D (n = 25) 
E 
40.0-50.0 
40.0-50.0 
33.0-47.0 
43.0-56.0 
32.0-50.0 
45.4 
45.0 
39.9 
45.8 
41.0 
0.5 
0.5 
0.5 
0.6 
1.1 
2.9 
2.5 
2.9 
3.3 
6.3 
5.5 
7.2 
7.2 
Hyaline tail A(n = 25) 
B (n =20) 
C (n = 25) 
D(n = 25) 
E 
18.0-24.0 
19.0-22.0 
15.0-23.0 
18.0-27.0 
16.0-30.0 
20.6 
20.2 
18.8 
20.4 
24.0 
0.2 
0.3 
0.4 
0.4 
0.7 
1.3 
1.4 
2.2 
2.0 
6.3 
6.9 
11.7 
9.8 
a A(n=25) B (n =20) 
C(n = 25) 
D (n = 25) 
E 
22.5-26.3 
22.5-26.3 
18.9-27.5 
24.1-27.2 
19.0-25.4 
24.8 
24.4 
23.2 
25.5 
22.3 
0.18 
0.2 
0.4 
0.1 
0.3 
0.9 
1.0 
2.1 
0.6 
3.6 
4.0 
9.0 
2.3 
A (n = 25) 
B (n =20) 
C(n = 25) 
D (n = 25) 
E 
2.2-3.2 
2.2-3.1 
3.0-3.7 
2.6-3.7 
4.0-6.5 
0. 
0 
0 
0 
0. 
04 
04 
04 
06 
1 
0.2 
0.2 
0.2 
0.3 
7.6 
7.6 
6.0 
9.6 
A (n = 25) 
B (n =20) 
C (n = 25) 
D(n=25) 
E 
8.6-9.8 
8.1-9.8 
8.3-10.7 
8.2-10.0 
8.0-13.0 
9.0 
8.9 
9.2 
9.5 
8.8 
0.04 
0.06 
0.1 
0.08 
0.3 
0.2 
0.3 
0.5 
0.4 
2.2 
3.3 
5.4 
4.2 
All measurements in um. 
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HETERODERA GRAMINIS STYNES, 19 71 
(Fig. 23) 
Measurements 
Females (n=10): L = 666.0 ± 79.4 (565.0-770.0)urn; W= 
373.0 ± 19.4 (350.0-406.0) um; L/W = 1.7 + 0.2 (1.5-
2.2); Stylet = 21.1 ± 0.3 (21.0-22.0) um. 
Cysts {n=33): L' = 693.6 ± 77.4 (565.0-828.0) um; 
W=372.2±38.8 (315.0-497.0) um; L'/W = 1.8 ± 0.2 (1.48-
2.2); vulval Slit length = 37.6 ± 3.8 (29.0-46.0) um; 
vulval bridge length = 41.6 ± 4.2 (33.0-50.0) um; 
vulval bridge width = 6.0 ± 0.7 (5.0-7.0) um; fenestral 
length = 50.3 ± 7.3 (42.0-61.0) um; fenestral width=38.3 
± 7.0 (24.0-47.0) um; underbridge length = 71.0 + 3.3 
(66.0-79.0) um; underbridge width = 10.0 ± 1.5 (8.0-
14.0) um; underbridge depth = 32.7 ± 3.7 (28.0-38.0) 
um; basin length = 56.0 ± 7.5 (43.0-69.0) um; basin 
width = 43.3 ± 6.8 (30.0-51.0) um; FL/FW = 1.3 ± 0.2 
(1 .0-1.8) . 
M a l e s ( n = 6 ) : L = 9 0 1 . 1 ± 4 7 . 3 ( 8 3 8 . 0 - 9 7 8 . 0 ) u m ; a = 4 3 . 3 
± 4 . 1 ( 3 8 . 0 - 4 7 . 9 ) ; b ' = 5 . 9 ± 0 . 7 ( 4 . 7 - 6 . 8 ) ; c = 1 7 0 . 8 
± 3 7 . 7 ( 1 4 7 . 7 - 2 2 7 . 0 ) ; s t y l e t = 2 0 . 1 ± 0 . 9 ( 1 9 . 0 - 2 1 . 0 ) 
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utti; pharynx = 152.0 ± 18.7 (126.0-175.0) um; tail = 5.5 
± 1.2 (4 .0-7.0)um; spicules = 29.1 ± 0.7 (28.0-30.0) 
um; gubernaculum = 10.0 ± 0.6 (9.0-11.0) um. 
Second stage juveniles (n>30) : L = 394.8 ± 29.3 (334.0-
446.0) um; a = 22.1 ± 2.0 (18.5-25.0); b' = 2.7 + 0.2 
(2.1-3.3); C = 6.0 ± 0.24 (5.7-6.6); Stylet = 18.3 ± 
0.5 (17.0-19.0) um; pharynx = 140.7 ± 12.0 (119.0-
165.0) um; tail=64.1 ± 5.5 (54.0-78.0) um; hyaline tail 
= 35.7 ± 3.2 (30.0-44.0) um. 
Description 
Females: Body white, lemon shaped with prominent 
vulval cone and protruding neck. A thin white 
subcrystalline layer present in few specimens. Head 
offset with two distinct annules, anterior one disc-
shaped and smaller than the posterior one. Cephalic 
framework indistinct. Cephalids indistinct. Cuticle 
thin with faint cuticular pattern, forms concentric 
rings in the region of neck and the vulval cone. Stylet 
well developed, with rounded basal knobs. Outlet of 
dorsal pharyngeal gland 6-7 um posterior to the base 
of the stylet knobs. Median bulb well developed, 
rounded, muscular, 31-33 um long, 28-30 um wide and 80-
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85 um from anterior end with strong valve plates. Basal 
pharyngeal lobe variable in size and shape. Vulva 
terminal, vulval slit transverse, 29-45 um long. Anus 
subterminal. A small egg sac observed in few 
specimens. 
Cysts: Cysts light to dark brown, lemon shaped with 
a prominent neck and vulval cone. Cuticle thin with 
faint cuticular pattern which forms concentric rings 
in the region of neck and vu.val cone. Vulval cone 
ambifenestrate, bound by a well defined basin. Vulval 
bridge with knob-like structures at the periphery, 
more prominent in old cysts. Underbridge well 
developed with bifurcated arms at periphery. Bullae 
absent. Anus well developed surrounded by a definite 
cuticular pattern. 
Males: Body cylindrical, slightly tapering at both 
ends, and twisted at posterior region. Cuticular 
annulation prominent. Head slighly offset with 4-5 
d stinct annules, 4-6 um long, 7-8 um wide. Cephalic 
framework strong. Cephalids distinct, anterior at 
level of second and posterior at seventh annule 
posterior to lip constriction. Stylet well developed 
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with rounded, anteriorly flattened basal knobs. 
Outlet of dorsal pharyngeal gland 4-6 urn from stylet 
base. Median bulb ovoid, 16-18 um long,9-10 um wide, 
76-100 um from anterior end with well developed valve 
plates. Pharyngeal glands elongated, overlapping the 
intestine ventrally or ventrolaterally, Nerve ring 
85-107 um from anterior end or at 56-73% of phyarngeal 
length. Excretory pore posterior to pharyngeo-
intestinal junction and 115-128 um from anterior end 
or at 77-88% of pharyngeal length. Hemizonid two 
annules broad, and about 5-8 annules anterior to 
excretory pore. Lateral fields with four lines, 
irregularly areolated, outer ones crenate. Testis 
single, outstretched, 328-526 um long. Spicules 
arcuate, bidentate. Gubernaculum simple, slightly 
curved. Cloacal lips protruding. Tail short, bluntly 
rounded, usually twisted. Phasmids inconspicuous. 
Second stage juveniles: Body cylindrical, slightly 
"•entrally curved, tapering at both extremities, more 
so posteriorly. Cuticle with distinct annulation. 
Head slightly offset with 4-.. lip annules, 3-4 long, 
7-8 um wide. Cephalic framework strong. Cephalids 
distinct, anterior at level of second and posterior at 
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seventh annule behind the lip constriction. Stylet 
well developed with anteriorly directed basal knobs. 
Outlet of dorsal pharyngeal gland.4-6 urn from stylet 
base. Median bulb ovoid, 58-75 um from anterior end, 
with well developed valve plates. Pharyngeal glands 
elongate, overlapping the intestine ventrally or 
ventrolaterally with prominent nuclei. Nerve ring 73-
85 um fom anterior end or at 51-61% of pharyngeal 
length. Excretory pore posterior to the level of 
pharyngeo-intestinal junction, 80-142 um from anterior 
end or at 59-72% of pharyngeal length. Hemizonid 
distinct, two annules broad, and just anterior to 
excretory pore. Genital primordium distinct, two 
celled, at about 5 0% of body length from anterior end. 
Lateral fields non-areolated, with three lines, outer 
ones crenate. Phasmids small, at about one anal body 
width behind anus. Tail conoid, tapering to a bluntly 
rounded terminus. Hyaline tail about half or slightly 
more than half of tail length. 
Host and locality: Soil from the rhizosphere of grass 
iCynodon dactylon) at Aligarh, Uttar Pradesh. 
Remarks: The present specimens agree with the 
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measurements and descriptions of Heterodera graminis 
as given by Stynes (1971) but show minor variations. 
The females are longer and L'/W ratio is greater [L' 
= 666.0 ± 79.4 (565.0-770.0) um vs 446.0 ± 55.1 (312.0-
636.0) um; L'/W = 1.7 ± 0.2 (1.5-2.2) vs 1.3 ± 0.38 (1.1-
1.7)]. Cysts have smaller and wider underbridge 
[underbridge length = 71.0 (66.0-79.0) um vs 84.0 
(70.0-107.0) um; underbridge width = 10.0 (8.0-14.0) 
um vs 6.4 (4.0-10.0) um]. The males have longer body, 
greater a value, and smaller stylet and spicules [L= 
901.1 + 47.3 (838.0-978.0) um vs 799.0 ± 83.1 (571.0-
924.0) um; a = 43.3 ± 4.1 (38.0-47.9) vs 33.0 ± 3.0 
(27.0-40.0) ; Stylet = 20.1 ± 0.9 (19.0-21.0) umvs 23.0 
± 0.6 (21.0-24.0) um; spicules = 29.1 ± 0.7 (28.0-30.0) 
um vs 33.0 ± 0.9 (31,0-35.0) um] . Second stage 
juveniles have smaller c value and stylet, longer tail 
and hyaline tail [c = 6.0 ± 0.24 (5.7-6.6) vs 7.1 + 0.6 
(6.1-9.9); stylet = 18.3 ± 0.5 (17.0-19.0) um vs 22.0 
± 0.7 (19.0-24.0) um; tail = 64.1 + 5.5 (54.0-78.0) 
um vs 56.0 ± 3.9 (44.0-65.0) um; hyaline tail = 35.7 
± 3.2 (30.0-44.0) um vs 29.0 ± 2.6 (23.0-36.0) um]. 
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HETERODERA MOTHI KHAN AND HUSAIN, 1965 
(Fig.24-26) 
Measurements (Tables 9-12) 
Description 
Females: Body pearl-white, lemon-shaped with protruding 
neck and vulva. Cuticular annulation in anterior end. 
Cuticular pattern faint. Head distinctly offset with 
two annules, anterior one generally disc-shaped and 
smaller than the posterior one. Cephalic framewor)c 
weak. Stylet with rounded basal knobs. Outlet of 
dorsal pharyngeal gland 5-7 um posterior uo the base 
of stylet knobs. Median bulb well developed, slightly 
longer than broad, somewhat oval-shaped, 28-30 im 
long, 22-25 um wide, and 89-102 um from anterior end. 
Basal pharyngeal lobe variable in size and shape. 
Excretory pore usually present at the base of the neck 
or posterior to the level of median bulb. Vulva 
terminal, transverse. Anus prominent, located in a 
hyaline depression. Vulva-anus distance 60-83 um. Egg 
sacs present and contain extruded eggs. 
Cysts: Cysts light to dark brown, lemon-shaped with 
protruding neck and vulval region. Eggs are sometimes 
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so tightly packed in the cyst that their impression can 
be seen on the cyst wall. Cuticular pattern faint and 
wavy. A thick white subcrystalline layer present on the 
body. Vulval rone ambifenestrate, surrounded by a well 
developed basin. Semifenestrae semicircular, 
symmetrical, separated by a delicate vulval bridge. 
Underbridge thin and delicate, weakly developed with 
bifurcated arms. Vulval bridge and underbridge may 
break, particularly in the old cysts, thus making the 
cone top circumfenestrate. Vulval slit long and almost 
equal to the vulval bridge length. Bullae present, 
rounded, variable in size and arrangement. Anus 
distinct surrounded by a well marked cuticular 
pattern, and one bulla is generally present in the anal 
region. Vulval denticles present at the apex of the 
cone . 
Males: Body cylindrical, elongate, tapering at both 
ends. Posterior region of fixed specimens twisted. Lip 
region slightly offset, hemispherical, 7-9 um wide, 4-
6 um high with 3-4 annules. Cephalic framework strong. 
Stylet with rounded basal knobs. Outlet of dorsal 
pharyngeal gland 5-6 um from stylet base. Median bulb 
oval, 8 um wide, 18-20 um long, 76-107 um from anterior 
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end. Pharyngeal glands overlapping the intestine 
ventrally . Nerve ring broad, 93-107 urn from anterior 
end or at 57-82% of pharyngeal length. Excretory pore 
posterior to pharyngeo-intestinal junction, 118-141 um 
from anterior end or at 62-89% of pharyngeal length. 
Hemizonid two annules broad, and just anterior to 
excretory pore. Lateral fields non-areolated, marked 
by 4 incisures. Testis single, outstretched. Spicules 
arcuate and bidentate. Gubernaculum simple and 
slightly curved. Tail short, bluntly round with 
protruding cloaca. Phasmids not seen. 
Second stage juveniles: Body cylindrical, slightly 
ventrally curved, tapering at both ends, more so 
posteriorly. Cuticle with fine transverse annuiation. 
Head slightly offset, 7-8 um wide, 3-5 um high, with 
2-3 distinct annules. Cephalic sclerotization strong. 
Stylet with well developed basal knobs, somewhat 
anchor shaped. Outlet of dorsal pharyngeal gland 5-
6 um from stylet base. Median bulb oval, 8 um wide, 
12-14 um long, 55-71 um from anterior end. Basal part 
of glandular lobe distinct; overlapping the anterior 
part of intestine ventrally or ventrolaterally. Nerve 
ring broad, 61-76 um from anterior end or at 42-55% 
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of pharyngeal length. Excretory pore distinct, 
slightly posterior to the level of pharyngeo-intestinal 
junction, 78-103 um from anterior end or at 57-70% of 
pharyngeal length. Hemizonid two annules broad and 
just anterior to excretory pore. Lateral fields non-
areolated, with 3-4 lines. Germinal primordium consisting 
two cells and located at 50% of the body from anterior 
end. Tail long, tapering to a pointed terminus, tail 
annules coarse. Hyaline tail more than half of tail 
length. Phasmids about one and a half anal body widths 
behind anus. 
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HORPBOMETRICS 
In Heterodera mothi it was observed that the 
stylet, median bulb from anterior end, and L'/W ratio 
in females; vulval slit length, vulval bridge length, 
underbridge length, underbridge width, basin length, 
basin width, FL/FW ratio, and L'/W ratio in cysts; body 
length, body width, stylet, spicules, nerve ring, 
excretory pore and b' value in males; body length, body 
width, stylet, median bulb from anterior end, excretory 
pore, nerve ring, tail, a value and c value in second 
stage juveniles were least variable morpiiometric 
characters and may be considered quite stable and 
consistent characters. Body length in females; cyst 
length, fenestral length and fenestral width in cysts; 
median bulb from anterior end, pharynx, gubernarulum 
and a value in males; pharynx, hyaline tail and b' value 
showed moderate variation and may be considered less 
stable and ]ess consistent characters. Body width in 
females; cyst width and underbridge depth in cysts; 
testis, tail, c value, T value in males exhibited a high 
degree of variation. 
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Host and locality: Soil from the rhizosphere of weed 
grass [Cyprus rotundus h.) at Aligarh, Uttar Pradesh. 
Remarks: The present specimens of H. mothi were 
collected from the type locality of the species. The 
measurements and descriptions conform well with the 
original description. The only difference being the 
variation in body size of females and second-stage 
juveniles, c-value and stylet of second-stage juveniles, 
greater 'a' value, smaller 'c' value and gubernaculum 
length in males and position of hemizonid in males. In 
females the body size shows a greater range [L = 507 
(400-593) um vs 525 (460-590) urn] . Males have a greater 
a and smaller c value, a larger gubernaculum and a more 
posteriorly positioned hemizonid [a = 51.2 (41.2-65.1) 
vs 35.0-46.0; c = 182.6 (132.8 - 309.0) vs 148.0-330.0; 
gubernaculum = 7.6 (7.0-10.0) um vs 10.0-12.0 um; 
hemizonid just anterior to excretory pore vs 4-5 
annules anterior to excretory pore]. The body length, 
c value and stylet shows a greater range of variation 
in second stage juveniles [L = 433.8 (375.0-573.0) um 
vs }80.0-430.0 um; c = 6.0 (4.7-8.1) vs 5.5-6.5; stylet 
= 17.2 (15.0-18.0) um vs 16.0-17.0 um] . 
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Table 9 
Morphological characteristics of Heterodera mothi females 
A = Cyprus rotundus (Aligarh). 
B = Original measurements (Khan &Husain, 1965). 
Characters 
Length (L) 
Width (W) 
Stylet length 
Median bulb 
from anterior end 
L'/W 
Population 
A(n = 30) 
B (n = 25) 
A(n = 30) 
B (n = 25) 
A(n = 30) 
B(n=25) 
A(n = 30) 
B(n = 25) 
A(n=30) 
B (n=25) 
Range 
400.0-593.0 
460.0-590.0 
190.0-345.0 
110.0-350.0 
17.0-21.0 
17.0-21.0 
89.0-102.0 
-
1.4-2.4 
Mean 
506.8 
525.0 
261.9 
300.0 
18.0 
-
96.6 
-
1.9 
S.E. 
10.7 
-
9.3 
-
0.2 
-
0.6 
-
0.03 
S.D. 
58.8 
-
51.1 
-
1.5 
-
3.8 
-
1.5 
" 
C.V. 
11.6 
-
19.5 
-
8.3 
-
3.9 
-
3.6 
All measurements in um. 
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Table 10 
Morphological characteristics of Heterodera mothi cysts 
A= Cyprus rotundas {AWgarh). 
B = Original measurements (Khan & Husain, 1965). 
Characters 
Cyst Length (L") 
(excluding neck) 
Cyst width (W) 
Vulval slit 
length (VSL) 
Vulval bridge 
length (VBL) 
Fenestral 
length (FL) 
Fenestral 
width (FW) 
Underbridge 
length (UBL) 
Underbridge 
width (UBW) 
Underbridge 
depth (UBD) 
Basin length 
(BL) 
Basin width 
(BW) 
Population 
A (n = 30) 
B(n = 100) 
A (n = 30) 
B (n = 100) 
A (n = 30) 
B(n = 100) 
A(n = 30) 
B(n = 100) 
A(n = 30) 
B(n = 100) 
A(n = 30) 
B(n = 100) 
A(n = 17) 
A(n = 16) 
A(n = 15) 
A(n = 30) 
B = 
A ( n ^ 3 0 ) 
B = 
Range 
400.0-630.0 
470.0-790.0 
200.0-345.0 
230.0-480.0 
32.0-40.0 
35.0-43.0 
29.0-49.0 
25.0-39.0 
53.0-76.0 
8.0-10.0 
20.0-29.0 
39.0-57.0 
35.0-48.0 
Mean 
522.5 
630.0 
270.2 
360.0 
35.4 
32.0 
38.1 
37.5 
36.0 
29.6 
27.0 
65.4 
8.6 
22.8 
46.9 
38.1 
S.E. 
11.9 
8.8 
0.49 
0.45 
0.9 
0.8 
1.5 
0.17 
1.0 
0.8 
0.69 
S.D. 
65.1 
48.6 
2.7 
2.5 
5.2 
4.7 
6.4 
0.7 
4.1 
4.5 
3.8 
C.V. 
12.4 
17.9 
7.6 
6.5 
13.8 
15.8 
9.7 
8.1 
17.9 
9.5 
9.9 
FL/FW A(n=30) 1.1-1.4 1.25 0.01 0.09 7.2 
B= . . . . . 
L'/W A(n = 30) 1.4-2.3 1.9 0.03 0.2 10.5 
B= . . . . . 
All measurements in um. 
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Table 11 
Morphological characteristics of Heterodera mothi males 
A= Cyprus rotundusifiiWgarh). 
B = Original measurements (Khan &Husain, 1965). 
Characters 
Body Length (L*) 
Body width (W) 
Stylet 
Median bulb from 
anterior end 
Pharynx 
Nerve ring 
Excretory pore 
Testis 
Tail 
Spicules 
Gubernacuium 
a 
b' 
c 
T 
All measurements 
Population 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B (n = 15) 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B (n = 15) 
A(n = 15) 
B (n = 15) 
A(n=8) 
B(n = 15) 
B in=7) 
A(n = 15) 
B (n = 15) 
A(n = 15) 
B (n = 15) 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B(n = 15) 
A(n = 15) 
B(n = 15) 
in urn. 
Range 
869.0-1172.0 
830.0-1200.0 
18.0-22.0 
19.0-22.0 
19.0-23.0 
76.0-107.0 
126.0-229.0 
93.0-107.0 
118.0-141.0 
100.0-119.0 
284.0-598.0 
4.0-7.0 
25.0-29.0 
24.0-30.0 
7.0-10.0 
10.0-12.0 
41.2-65.1 
35.0-46.0 
4.9-6.9 
132.8-309.0 
148.0-330.0 
27.7-54.0 
Mean 
1023.9 
20.2 
20.4 
92.9 
170.3 
102.3 
130.4 
411.9 
5.8 
28.2 
7.6 
51.2 
6.0 
182.6 
43.3 
S.E. 
24.2 
0.4 
0.3 
2.7 
5.7 
3.0 
3.0 
32.4 
0.3 
0.3 
0.3 
1.9 
0.12 
14.7 
3.0 
S.D. 
93.8 
1.7 
1.3 
10.0 
21.7 
8.5 
7.9 
129.9 
1.2 
1.2 
1.2 
7.5 
0.5 
56.9 
11.6 
C.V. 
9.1 
8.4 
6.3 
10.7 
12.7 
8.3 
6.0 
31.5 
20.6 
4.2 
15.7 
14.6 
8.3 
31.1 
26.7 
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Table 12 
Morphological characteristics of Heterodera mothi second stage 
juveniles 
A - Cyprus rotundus (Aligarh). 
B - Original measurements (Khan &Husain, 1965). 
Characters Population Range Mean S.E. S.D. C.V. 
Body Length(L') A ( n = 65) 375.0-573.0 433.8 4.2 31.1 7.1 
B(n = 50) 380.0-430.0 - - - -
Body width (W) A ( n = 55) 14.0-17.0 15.2 0.09 0.7 4.6 
B(n = 50) . . . 
Stylet A ( n = 55) 15.0-18.0 17.2 0.09 0.7 4.0 
B (n = 50) 16.0-17.0 - - - -
Median bulb I from A ( n = 55) 55.0-71.0 65.2 0.4 3.0 4.6 
anterior end B (n = 50) . . . _ . 
Pharynx A ( n = 5 5 ) 110.0-180.0 141.7 2.7 20.6 14.5 
B ( n = 50) . . . 
Nerve ring A ( n = 55) 61.0-76.0 70.5 0.49 3 2 4 5 
B(n = 50) . . . 
Excretory pore A ( n = 55) 78.0-103.0 85.6 0.59 4 2 4 9 
B(n = 50) . . . 
Tail A ( n = 55) 570.0-89.0 73.8 0.8 6 1 8 2 
B(n = 50) . . . 
Hyaline tail A ( n = 55) 26.0-43.0 34.6 0.6 4 5 13 0 
B (n = 50) 30.0-40.0 - - - . 
a A ( n = 55) 25.0-38.2 29.0 0.3 2 3 7 9 
B(n = 50) 25.0-32.0 - - . -
b' A ( n = 55) 2.4-4.1 3.1 0.05 0 4 12 9 
B ( n = 5 0 ) . . . 
c A ( n = 55) 4.7-8.1 6.0 0.08 0.6 10 0 
B(n = 50) 5.5-6.5 - - - . 
All measurements in um. 
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HETERODERA VARIABILIS SP.N. 
(Fig.27-28) 
Measurements 
Females (n=15): L' = 541.2 ± 47.3 (441.0-635.0)urn; W= 
209.8 ± 40.6 (125.0-473.0) um; L'/W = 2.60 ± 0.44 (2.0-
3.5); stylet = 18.6 ± 0.5 (18.0-19.0) um. 
Holotype cyst: L' = 450.0 um; W = 135.0 um; L'/W = 3.3; 
vulval slit length = 34.0 um; vulval bridge length = 
36.0 um; fenestral length = 35.0 um; fenestral width 
= 29.0 um; underbridge length = 64.0 um; underbridge 
width = 15.0 um; underbridge depth = 29.0 um; basin 
length =45.0 um; basin width = 3 8.0 um; FL/FW = 1.20. 
Paratype cysts (n»15) : L' = 525.3 ± 48.8 (441.0-593.0) 
um; W=185.3 ± 29.2 (125.0-230.0) um; L'/W = 2.82 ± 0.34 
(2.2-3.5); vulval slit length = 36.9 ± 2.3 (34.0-42.0) 
um; vulval bridge length = 40.1 ± 2.3 (37.0-44.0) um; 
fenestral length = 36.3 ± 3.0 (30.0-41.0) um; fenestral 
width = 31.1 ± 3,6 (26.0-39.0) um; underbridge length 
= 60.0 ± 4.5 (61.0-74.0) um; underbridge width = 15.8 
± 2.4 (13.0-22.0) um; underbridge depth = 31.0 ± 3.5 
(29.0-35.0) um; basin length = 44.2 ± 3.0 (39.0-49.0) 
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urn; basin width = 38.7 ± 2.8 (37.0-45.0) um; FL/FW = 
1.14 + 0.08 (1.0-1.2). 
Males (n=3) : L = 973.6 ± 50.5 (920.0-1023.0) um; a = 
47.0 ± 1.4 (46.1-48.7); b' = 5.4 ± 0.3 (5.1-5.8) ; b 
= 8.5 ± 0.2 (8.3-8.8); c = 243.4 ± 12.6 (230.0-255.0); 
Stylet = 19.0 ± 0.0 (19.0-19.0) um; spicules = 27.3 + 
0.5 (27.0-28.0) um; gubernaculum = 8.3 ± 1.15 (7.0-9.0) 
um. 
Second stage juveniles (n=25) : L = 450.6 ±30.5 (400.0-
529.0) um; a = 28.3 ± 3.0 (23.5-33.7); b' = 2.89 ± 0.21 
(2.64-3.38); b = 5.6 ± 0.2 (5.0-6.2); c = 5.54 ± 0.21 
(5.12-5.94); Stylet = 16.6 ± 0.8 (16.0-19.0) um; tail 
= 81.1 ± 3.1 (78.0-89.0) um; hyaline tail = 4 0.5 ± 2.6 
(37.0-45.0) um. 
Description 
Females: Body white, elongate with prominent vulval 
cone and protruding neck. Neck usually bent at an angle 
to the long axis of the body. Around the neck and head 
region of females, a brown, transparent exudate 
collected when they were removed from their feeding 
sites. A thin white subcrystalline layer present. 
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Head distinctly offset with two distinct annules, 
anterior one smaller than the posterior one. Cephalic 
framework weakly developed. Cephalids indistinct. 
Cuticle thin with zig-zag cuticular pattern. Stylet 
well developed, with rounded,posteriorly sloping 
basal knobs. Outlet of dorsal pharyngeal gland 5-7 urn 
posterior to base of stylet knobs. Median bulb well 
developed, rounded, muscular, 29-30 um long, 28-30 um 
wide and 69-76 um from anterior end. Valve plates 
massive. Basal lobe variable in size and shape. 
Excretory pore posterior to the median bulb. Vulva 
terminal, transverse, 3 9-47 um long. Anus subterminal. 
Cysts: Cysts light to dark brown, elongate with a 
prominent neck and vulval cone. Cuticle thin with zig-
zag cuticular pattern on body and forms concentric 
rings in the region of neck and vulval cone. Vulval 
cone ambifenestrate, bound by a well defined basin. 
Semifenestrae semicircular and symmetrical. Underbridge 
well developed with cuticular flaps (Fig. 28 B). Dark 
brown, rounded bullae present at periphery. Anus well 
developed, surrounded by a definite cuticular pattern. 
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Males: Body clylindrical, sligthly tapering at both 
ends, and twisted at posterior region. Cuticular 
annulation prominent. Head slightly offset with 4 
distinct annules, 4-5 urn long, 8-9 um wide. Cephalic 
framework strong. Cephalids distinct, anterior at 
level of second and posterior at seventh annule behind 
lip constriction. Stylet well developed with rounded, 
posteriorly sloping basal knobs. Outlet of dorsal 
pharyngeal gland 5-7 um from stylet base. Median bulb 
ovoid, 18-20 um long, 8-9 um wide and 87-92 um from 
anterior end. Pharyngeal glands elongate, overlapping 
the intestine ventrally or ventrolaterally with 
prominent nuclei. Nerve ring 98-106 um from anterior 
end. Excretory pore posterior to the level of 
pharyngeo-intestinal junction, 116-135 um from anterior 
end. Hemizonid about two annules broad, 8-9 annules 
anterior to excretory pore. Lateral fields non-
areolated with three lines, outer ones crenate. Testis 
single, outstretched. Spicules arcuate, bidentate. 
Gubernaculum simple, slighly curved. Cloacal lips 
protruding. Tail short, bluntly rounded, usually 
twisted. Phasmids inconspicuous. 
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Second stage juveniles; Body cylindrical, slighly 
ventrally curved, tapering at both extermities, more 
so posteriorly. Outer and inner cuticle with distinct 
annulation. Head slightly offset with 3-4 lip annules, 
4 um long, 8-9 urn wide. Cephalic framework strong. 
Cephalids usually indistinct, anterior at level of 
second and posterior at seventh annule behind lip 
constriction. Stylet well developed with rounded, 
posteriorly sloping basal knobs. Outlet of dorsal 
pharyngeal gland 5-6 um from stylet base. Median bulb 
ovoid, 12-14 um long, 8-9 um wide and 63-69 um from 
anterior end with well developed valve plates. 
Pharyngeal glands elongate, overlapping the intestine 
ventrally or ventrolateraly with prominent nuclei. 
Nerve ring 72-79 um from anterior end. Excretory pore 
posterior to the level of pharyngeo-intestinal junction, 
and 99-100 um from anterior end. Hemizonid about two 
annules broad, and 6-9 annules anterior to excretory 
pore. Genital primordium distinct, two celled and at 
about 50% of body length from anterior end. Lateral 
fields non-areolated, with three lines, outer ones 
crenate. Phasmids small, about three anal body widths 
behind anus. Tail conoid, tapering, to a pointed 
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terminus. Hyaline tail equal to or less than half of 
tail length. 
Type host and locality: Soil from the rhizosphere of 
weed grass {Cyprus rotundus L) from university farm 
house, Qila road, Aligarh, Uttar Pradesh. 
Type specimens: Holotype on slide Heterodera variabilis 
sp.n./l deposited in the Zoology Department, A.M.U., 
Aligarh. Paratypes on slide Heterodera variabilis 
sp.n./2-16; in nematode collection of Zoology 
Department, A.M.U., Aligarh, India. 
Diacfnosis and relationship: The females of H. variabilis 
sp.n. are characterised by elongate body, long 
protruding neck usually bent at an angle to the long 
axis of the body or recurved backwards, and prominent 
vulva. The cysts are elongate, ambifenestrate with 
a thin vulval bridge, long vulval slit, well developed 
vulval denticles, prominent underbridge and dark 
brown, heavy bullae. The males have rounded stylet 
knobs sloping posteriorly, hemizonid 8-9 annules 
anterior to excretory pore, non-areolated lateral 
fields with three lines and arcuate spicules with 
bidentate tips. The second stage juveniles have 
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rounded and posteriorly sloping stylet knobs, three 
non-areplated lateral fields, elongate conoid tail 
with pointed terminus and hyaline tail equal to or 
less than half of tail length. 
The new species comes close to H. mothi Khan and 
Husain, 1965; H. cyperi Golden, Rau and Cobb, 1962; and 
H. graminis Stynes, 1971 in having pearl white females, 
ambifenestrate cone top, weak, vulval bridge, long 
vulval slit and 3-4 lateral lines. However, it can 
be differentiated from H. mothi in body shape of 
females; in shape and width of cysts, size of vulval 
slit, fenestral width and underbridge with flaps, 
[body lemon shaped in females and cysts; W = 230-480 
(360) urn; vulval slit = 32 um and fenestral width = 
27 um and underbridge without flaps in cysts] . Males 
have greater a, & b values, stylet with posteriorly 
sloping basal knobs, three non-areolated lateral 
lines and hemizonid 8-9 annules anterior to exeretory 
pore. The second stage juveniles have slightly longer 
body and tail, a shorter pharynx and pointed tail 
terminus [a = 35-46, b = 5.8-8.0, stylet knobs rounded, 
posteriorly sloping; hemizonid 4-5 annules anterior to 
excretory pore in males; L = 380-430 um, b = 2.7-3.4; 
tail= 60-75 um in second stage juveniles of H. mothi] . 
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H. variabilis sp.n. differs from H. cyperi in 
having elongate body in females and cysts and smaller 
stylet in females; smaller cyst size, longer vulval 
slit, and underbridge and broader fenestrae, and 
presence of bullae [females and cysts lemon-shaped, 
stylet=22.4 (22.0-22.4) um in females; L = 640.0 (459.0 
- 742.0) um; W = 325.0 (229.0-382.0) um, vulval slit 
length = 30-35 um, fenestral width = 20-28 um; 
underbridge length = 40-60 um, and bullae absent in 
H. cyperi] . The males differ in having greater a & b 
values, smaller stylet and posteriorly sloping stylet 
knobs while the second stage juveniles have a longer 
tail and hyaline tail . [a = 38.6 (32.9-42.0), b = 5.5 
(4.5-6.7, stylet = 22.1 (21.2-22.9) um and stylet knobs 
rounded in males; of H. cyperi. [stylet = 2 0.0 (19.2-
20.7) um, tail = 60.0 (56.0-63.0) um, hyaline tail = 
24.7 (18.1-31.0) um in second stage juveniles of H. 
cyperi] . 
From H. graminis, it can be differentiated in 
having a greater L'/W ratio in females; smaller cyst 
width, underbridge length, greater underbridge width 
and presence of bullae in cysts [L'/W=1.3 ± 0.38 (1.1-
1.7) in females; W = 441.0 ± 80.9 (297.0-701.0) um; 
underbridge length = 70-107 (84 um, n = 7), underbridge 
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width= 4-10 (6.4 urn, n=7), and bullae absent in H. 
grawinis] . The males can be differentiated in having 
a larger body, greater a value, smaller stylet and 
spicules, position of hemizonid and non-areolated 
lateral fields with three lines while the second stage 
juveniles have a longer body, tail and hyaline tail, 
greater a and b value, smaller stylet with posteriorly 
sloping knobs, and hemizonid 6-9 annules anterior to 
excretory pore [L=779.0 ± 83.0 (571.0-924.0) um; 
a=33.0 ± 3.0 (27.0-40.0); stylet=23.0 t 0.6 (21.0-
24.0) um; spicules = 33.0 ± 0.9 (31.0-35.0) um, 
hemizonid 2-8 annules anterior to excretory pore, and 
lateral fields areolated with four lines in males; L 
= 391 ± 22.1 (343-444) um; a = 22.4±1 . 7 ( 18 - 27 ) ; 
b = 2.7±0.2(2.3-3 .3) ; Stylet = 22.0 ± 0.7 (19.0-25.0) 
um; tail = 56.0±3.9 (44.0-65 . 0) um, hyaline tail = 29.0 
± 2.6 (23.0-36.0) um and anteriorly concave stylet 
knobs and hemizonid one annule anterior to excretory 
pore in second stage juvenile of H. graminis] . 
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OSMOTIC 
BEHAVIOUR 
RESULTS 
Heterodera a venae 
In leaf extracts of water hyacinth, H. avenae 
juveniles lost body fluid in all concentrations that 
resulted in a reduction of body volume. Leaf extract 
concentrations 1:100 and 1:200 produced a maximum 
reduction in body volume while in greater dilutions 
volume reduction was of a lesser degree. The minimum 
reduction of 10% occured in 1:2000 dilution. No change 
occured in tap water while in distilled water the body 
volume increased slightly. 
Activity of the juveniles was closely correlated 
to changes in body volume. From a high of about 
eighteen head swings/minute in tap and distilled 
water, activity declined sharply to zero in solutions 
where there was maximum volume reduction. In more 
dilute extracts where volume reduction was less, the 
juveniles were active but not as active as in tap or 
distilled water. 
The effect of root extracts on juveniles was 
somewhat similar to that in leaf extracts. There was 
a tendency to lose body fluid and while maximum volume 
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reduction occured in a solution 1:100, in all other 
solutions, the percent change in body volume was not 
as drastic and varied between 10 and 2% in dilutions 
of 1:500-1:2000. As in case of leaf extracts, activity 
was closely correlated to change in body volume. Where 
there was maximum body reduction, no activity was 
observed but beyond that, it gradually increased and 
became near normal in the most dilute root extract 
(1:2000). 
The stem extracts exerted the minimum effect on H. 
avenae juveniles. The maximum reduction in body volume 
occured in a dilution of 1:100 and 1:200 and in greate 
dilutions there was a gradual decline in the change in 
body volume with apparently no change occuring in 
1:2000 solution. The juveniles also never became 
completely inactive and except for the concentration 
which caused maximum change in body volume, activity 
was maintained at relatively high levels. 
In root extracts of wheat, change in body volume 
was minimum. Where there was a reduction in volume, 
it varied between narrow limits of 2-3.5% only. The 
activity of the juveniles also varied between narrow 
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limits and was maintained at near normal level in all 
solutions. 
Heterodera mothi 
A high concentration of 1:100 of leaf extract of 
water hyacinth produced a drastic reduction in body 
volume in H. mothi. In more dilute extracts volume 
reduction declined and a solution of 1:1000 and 1:2000 
body volume were reduced by less than 10%. There was 
no observed change in body volume in tap water but in 
distilled water the volume increased slightly. In H. 
wothi also, activity was related to changes in body 
volume. In the solution where there was maximum fluid 
loss, activity was the least while in mc e dilute 
solutions, the juveniles were more active but not as 
tap or distilled water. 
Root extracts of water hyacinth produced an almost 
identical effect as that of leaf extracts in terms of 
both, reduction in body volume and acitivicy. 
In stem extracts body volume was reduced drasti-
cally in high concentrations but in dilute solution, 
volume reduction was reduced and was almost negligible 
in 1:1000 and 1:2000 concentrations. The activity of 
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the juveniles contrasted with the previous two 
extracts in that it remained subdued in all concentra-
tions, even in 1:1000 and 1:2000 solutions re volume 
reduction was less than 2%. 
Root extracts of the host plant (Cyprus rotundus) 
had no significant effect on the juveniles with a 
maximum reduction in body volume of about 2%. Activity 
was slightly elevated at high concentrations (1:100 
and 1:200) and was near normal in others. 
Heterodera zeae 
In leaf extracts of water hyacinth, H. zea 
juveniles reduced the body volume in all concentra-
tions but the maximum reduction in body volume occured 
in high concentrations 1:100 and 1:200. In more dilute 
extracts, volume reduction was less. There was no 
observable change occured in body volume in tap water 
but in distilled water the volume increased slightly. 
Activity of juveniles was related to changes in body 
volume. in the solution where there was maximum 
reduction in body volume activity was less while the 
minimum reduction in body volume showed more activity 
in juveniles. 
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In root extracts of water hyacinth, the body 
volume reduced in all concentrations but the maximum 
reduction was occured in 1:500 while in greater 
dilutions, volume reduction declined and a solution of 
1:2000 the body volume reduced by less than 3%. As in 
case of leaf extracts, activity was closely correlated 
to change in body volume. Where there was maximum body 
reduction, activity was the least while in more dilute 
solutions, the juveniles were more active. Least 
active juveniles were in solution of 1:500 while the 
activity was near normal in 1:2000. 
Stem extracts of water hyacinth produced an almost 
identical effect as that of root extracts in body 
volume and activity. There was a tendency to lose body 
fluid, maximum body volume reduction occured in a 
solution of 1:500, while minimum in 1:1000 and in 
1:2000 there was no reduction in body volume. Activity 
was related to change body volume as in leaf extracts 
and root extracts of water hyacinth. In 1:1000 and 
l;2000, the activity of H. zeae juveniles was almost 
same as in tap water and in distilled water. 
Root extracts of the host plant {Zea ways) had no 
significant effect on the juveniles with a maximum 
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reduction in body volume of about 12% in a solution of 
1:200. Activity was also related to change in body 
volume and was near normal. 
DISCUSSION 
A reduction in body volume of H. avenae, H. mothi 
and H. zeae in the various extracts of water hyacinth 
indicates that these species were unable to regulate 
their body fluid in these extracts. Further, all 
concentration of extracts were hypertonic to the 
juveniles to varying degrees as all species showed a 
reduction in body volume. Stem extracts exerted a 
relatively mild influence on H. avenae juveniles as 
compared to that on H. mothi and H. zeae. Absolutely 
no change in volume was recorded for all the species 
in the lowest concentration of stem extracts. This 
probably represents iso-osmolarity to the solution 
rather than indicating an adjustment in body volume. 
Earlier studies on GloJbodera rostochiensis had clearly 
indicated that this species cannot regulate its 
volume in hyperosmotic solutions (Wright & Newall, 
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1976). Among soil dwelling plant parasites , 
Tylanchorhynchus dubius which occur in the uppermost 
layer was most tolerant to desiccation and osmotic 
stress (Wyss, 1970). 
Cyst nematode species by the very nature of their 
life cycles are exposed to two distinct and contrasting 
environments : the soil where the osmotic pressure 
fluctuates with fluctuating levels of salts and water, 
but is generally not more than two atmospheres in most 
soils (Wallace, 1963,- Norton, 1978), and the plant 
tissue condition where conditions may be more constant 
but radically different from soil. Because of their 
host specificity it may be assumed that these species 
are adapted to the internal environment of their 
hosts, although osmotic pressures of plant cells may 
be between 10-20 atmospheres (Norton, 1978). Reduction 
in body volume in root extracts of hosts, though not 
expected, did occur. Surprisingly, for H. avenae 
juveniles, reduction was greatest in dilute solution 
(1:1000) while in the most concentrated ones (1:100 and 
1:200) no body fluid was lost. To lesser degree, the 
same phenomenon was observed in H. mothi. These 
observations are unusual and contradict: the phenomenon 
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demonstrated by most nematodes in hypertonic solutions 
(Wright & Newall,1976; Lee, 1960). In H. zeae, tthe 
profile of volume reduction in different concentra-
tions of root extracts of the host followed the same 
pattern as seen in extracts of water hyacinth but was 
of a smaller degree. At high concentrations of leaf and 
root extracts of water hyacinth H. avenae was most 
severely affected and appears to be the most susceptable 
of the three species. 
In all the extracts tested activity was closely 
correlated with changes in body volume . The greater 
the reduction in volume, the more reduced the activity. 
Such a change is expected because the body fluids 
create a hydrostatic skeleton on which longitudinal 
muscles act (Wallace, 1963) . Hence a reduced internal 
hydrostatic pressure resulted in a reduced activity. 
Tylenchorhynchus icarus in soil of particle size 250-
500um and saturated with various concentrations of 
urea, showed reduced mobility at 0.IM and complete 
inhibition at IM (Wallace & Greet, 1964). Movement of 
Ditylenchus dipsaci in soil was not affected by urea 
concentrations of 0.0001 to 0.03 M but ceased at IM urea 
(Blake, 1961) . That activity was completely absent/ 
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reduced in H.avenae iin high concentrations of leaf 
and root extracts may be because of an excessively high 
osmotic pressure in the solutions of these extracts. 
It is generally believed that nematodes are probably 
unaffeceted by osmotic pressure of upto 10 atmosphere 
(Wallace, 1963). The mobility of species belonging to 
six different genera of nematodes varied at varying 
osmotic pressures and with the exception of Ditylenchus 
dipsaci none showed movement beyond an osmotic 
pressure of 40 atmosphere {Viglierchio, et. al., 
1969). The differential response of species of the same 
genus is evident from the fact that only H. avenae 
juveniles lost all activity at high concentrations 
while H.wothi and H . zeae juveniles remained active, 
though to a lesser, in all concentrations of extracts 
. H. avenae, ttherefore, appears to be more susceptable 
to high osmotic pressure while H.wothi and H.zeae are 
more tolerant. Among themselves, H.zeae was more 
tolerant and adaptable to high osmotic pressure as its 
reduction in activity was relatively small though 
reduction in volume was comparable to H . mothi. 
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SUMMARY 
The work in this thesis presents a taxonomic study 
of some cyst nematodes found in India together with 
some studies on the effect of water hyacinth and their 
host plant on activity and osmoregulation. 
Taxonomy 
Samples of soil and roots were collected from 
cereal crops, vegetaable crops and grasses from 
various parts of the states of Rajasthan, Uttar 
Pradesh, Andhra Pradesh, Bihar and Meghalaya. Out of 
twenty one known species recorded from the country, 
eight species were collected. Of these six species 
have been described in detail and two species on the 
basis of limited population. In addition, three new 
species have been described besides several new hosts 
and a new record has been established. Statistical 
analysis of morphometric and allometric characters of 
three species (H. avenae, H. zeae and H. mothi) was also 
carried out to understand their degree of variation. 
The known species 
1 . Heterodera avenae 
2 . Heterodera iri 
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3 . Heterodera cajani 
4 . Heterodera oryzxcola 
5 . Heterodera trifolii 
6 . Heterodera zeae 
7 . Heterodera gramin is 
8 . Heterodera mothi 
The new species 
1 . Heterodera brassicae 
2 . Heterodera neocajani 
3 . Heterodera variabilis 
The new record £rom India 
1 . Heterodera mani 
The new hosts 
1. Heterodera iri 
Heterodera mani 
3 . Heterodera cajani 
Barley {Hordeum vulgare) . 
Maize iZea mays) 
Black gram {Phaseolus mungro) , 
millet {Sorghum vulgare) and 
sugarcane {Saccharum officm-
arum) . 
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4. Heterodera trifolii- Salad {Lactuca sativa L.) 
5. Heterodera zeae -mustard (Brassica campest-
ris), spinach {Spinacia 
oleracea)and wheat (Triticuw 
aestivum). 
In H. avenae minor differences occured between the 
two populations obtained from different hosts and also 
betwen our population and the original description. 
Variations were observed in size of females; vulval 
slit in cyts; spicules, a and b values in males; and 
size of second stage juveniles. The morphometric and 
allometric variations revealed that stylet, median 
bulb width, and L/W ratio of females; cyst length, 
vulval slit length and FL/FW ratio of cysts; size of 
body, stylet, distance of median bulb from anterior end 
and spicules of males; and size of body, stylet, 
pharynx, tail, hyaline tail, anal body width and b 
value of second stage juveniles are relatively stable 
characters. 
H. iri cysts are lemon or spherical shaped with a 
small posterior protruberance, ambifenestrate vulval 
cone, short vulval slit, rectangular vulval bridge, 
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dark brown bullae, vulval denticles, prominent 
underbridge which is thick in the centre, posture in 
males are somewhat an open c-shaped with body showing 
an angular bend in the middle upon fixation; deeply 
concave spear knobs and four lateral lines in second 
stage juveniles. 
Variations were observed in vulval bridge width, 
presence of bullae-like structures in the anterior 
region of cysts; body size and lateral fields in males; 
body and tail size and lateral fields in second stage 
juveniles. 
H. mani has been recorded in this country for the 
first time and that too from new host, maize {Zea mays) . 
Minor differences were observed in body size and 
lateral fields in second stage juveniles. Males were 
not found. 
H. cajani was collected from different hosts. The 
characteristics features of this species is arabifnestrate 
vulval cone, long vulval slit, well developed 
cuticularized underbridge, prominent bullae of differ-
ent shapes, sizes and arrangement; they may be rounded 
or finger like, small or larged, and at two or three 
levels, above, below or at the level of underbridge. 
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H. oryzicola was collected from sugarcane, in 
Bihar and characterized by ambifenestrate fenestra, 
well formed basin, long vulval slit, weak underbridge, 
small rounded bullae, prominent vulval denticles and 
presence of anal bulla in cysts,- stylet with 
anteriorly directed knobs, non-areolated three lateral 
lines, conoid tail with pointed terminus and hyaline 
tail about 60% of tail length in second stage 
juveniles. Minor differences occur from the original 
description in the measurements of few characters, 
viz., greater fenestral length and smaller underbridge 
length in cysts; smaller body and c value and greater 
a value in males,- and longer body and hyaline tail and 
greater a value in second stage juveniles. 
H. trifolii belongs to schachtii group and is 
characterized by very strong underbridge and periph-
eral bullae in cysts,- robust stylet with anteriorly 
directed basal knobs and non-areolated lateral fields 
with four lines in second stage juveniles. 
Minor variations occur in length and depth of 
underbridge. In addition, some specimens had an 
underbridge slightly oblique to the vulval axis. 
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H. zeae is one of the most common species. Vulval 
cones are typical with long finger-like bullae, 
located at two levels; level one immediately below the 
underbridge and having four long thick finger like 
bullae projecting inwards forming a cross at the 
centre; level two a mass of fine, branched bullae 
randomly located and projecting inwards. 
The species was collected from four different 
hosts and those from mustard and spinach were generally 
smaller than the other specimens obtained from barley 
and wheat and also from the original measurements. 
Analysis of morphometric and allometric variations 
showed that stylet of females; vulval slit length, 
vulval bridge length, fenestral length, basin length 
and basin width of cysts; stylet, procorpus, distance 
of median bulb from anterior end, spicules, gubernaculum, 
and lip width/lip height ratio of males; body length, 
body width, stylet, tail, b value and c value of second 
stage juveniles were least variable. 
H. graminis has a prominent underbridge in cysts; 
stylet with anteriorly directed basal knobs, and 
lateral fields with three non areolatea lines in second 
stage juveniles. 
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The measurements of the specimens by and large 
agree with original descriptions. However, minor 
differences were recorded in body size and L'/W ratio 
in females; underbridge size in cysts; body length, a 
value, and stylet and spicules length in males; c value 
and stylet and tail length in second stage juveniles. 
H. mothi is characterized by a small vulval slit 
length, weak and thin vulval bridge, thin and weak 
underbridge, presence of bullae, well marked cuticular 
pattern around anus in cysts; well developed stylet 
with somewhat anchor-shaped stylet knobs and non-
areolated lateral fields with 3-4 lines in second stage 
juveniles. 
Statistical analysis revealed that the least 
variable and more consistent characters are stylet 
length, distance of median bulb from anterior end, and 
L'/W ratio in females; vulval slit length, vulval 
bridge length, underbridge size, basin size, FL/FW 
ratio and L'/W ratio in cysts; body size, stylet, 
spicules and b' value in males; body size, distance of 
median bulb from anterior end, tail, a value and c value 
in second stage juveniles. 
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H. brassicae sp.n. was collected from mustard and 
resembles H. avenae, H. iri and H. mani. This species 
has a small vulval slit, rectangular vulval bridge, 
ambifenestrate fenestration, moderate cuticularized 
underbridge, prominent vulval denticles and heavy, 
rounded dark brown bullae in vulval cone of the cysts,-
anteriorly directed basal knobs, four areolated 
lateral lines, conoid tail with bluntly rounded 
terminus, and hyaline tail about 57-69% of tail in 
second stage juveniles. 
H. neocajani sp.n. resembles H. cajani. The cysts 
are light, dark brown, lemon-shaped, long vulval slit 
extending upto the vulval bridge extremities, 
ambinfenestrate fenestration, semifenestrae semicir-
cular with greatest diameter parallel to vulva, simple 
and moderate underbridge, bullae absent or few in 
number. The second stage juveniles with slightly 
concave stylet knobs, two non-areolated lateral lines, 
conoid tail with pointed terminus and hylaine tail 42-
51% of tail length. The males were not found. 
H. variabilis sp.n. resembles H. mothi, H. cyperi 
and H. graminis. The females of this species are 
characterized by an elongate body, long protruding 
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neck usually bent at an angle to the long axis of the 
body or recurved backwards. The cysts are character-
ized by an elongate body, ambifenestrate vulval cone 
with a thin vulval bridge, long vulval slit, well 
developed vulval denticles, prominent underbrige and 
dark brown, heavy bullae. The males of this species 
have rounded stylet knobs sloping posteriorly, hemizonid 
8-9 annules anterior to excretory pore, non-areolated 
lateral fields with three lines and arcuate spicules 
with bidentate tips. The second stage juveniles have 
rounded and posteriorly sloping stylet knobs, three 
non-areolated lateral lines, elongate conoid tail with 
pointed terminus and hyaline tail equal to or less than 
half of tail length. 
Csmotic behaviour 
In leaf, root and stem extracts of water hyacinth 
H. avenae, H. mothi and H. zeae juveniles showed a 
tendency to lose body fluid in all concentrations. The 
maximum reduction of body volume was occured in high 
concentrations of leaf extracts and then in root 
extracts of water hyacinth. The stem extracts exerted 
the minimum effect as compared to leaf and root 
extracts of water hyacinth. 
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Root extracts of the host plants (wheat, weed 
grass and maize) of H. avenae, H. mothi and H. zeae had 
no significant effect on the juveniles. In root 
extract of wheat, the change in body volume of H. avenae 
juveniles vaired between narrow limits of 2-3.5% only. 
Maximum reduction in body volume of H. mothi juveniles 
in root extracts of weed grass was about 2%. In root 
extracts of maize, H. zeae juveniles showed a maximum 
reduction in body volume of about 12% in a solution of 
1:200. 
In all the extracts, the activity was closely 
correlated with changes in body volume. The greater 
the reduction in body volume, the more reduced the 
activity. The activity was completely reduced in H. 
avenae in high concentrations of leaf and root extracts 
while H. mothi and H. zeae juveniles remained active, 
though to a lesser degree, in all concentrations of 
extracts. Among the three species H. zeae was more 
active. 
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1 . Heterodera avenae A. Second s tage j u v e n i l e ; B. Pharyngeal 
region second stage juvenile; C. Pharyngeal region male; D. 
Anterior reg ion female; E. Lateral f i e l d male; F. Lateral 
f i e l d second s tage juvenile; G. P o s t e r i o r region male; H. 
Tai l second s tage juvenile; 1. C y s t s . 
r 
Fig. 2. Heterodera avenae A. Vulval cone showing 
vulval slit/ vulval bridge/ fenestra 
and vulval denticles; B. Bullae; C. 
Lateral view of vulval cone showing 
bullae. 
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Fig. 3. Heterodera brassicae sp.n. A. Pharyngeal region male; E. 
Pharyngeal region second stage juvenile; C. Second stage 
juvenile; D. Pharyngeal region female; E. Posterior region 
male; F. Tail second stage juvenile; G. Lateral field second 
stage juvenile; H. Lateral field male; I. Cysts. 
Fig. 4. Heterodera brassicae sp.n. A. Vulval cone 
showing fenestra/ vulval slit/ vulval 
bridge and vulval denticles; B. 
Underbridge; C. Bullae. 
/ 
H 
mm 
h=| 
— 
— 
Fig, 5. Heterodera iri P. Mele. B. Pharyngeal reaion of male. 
C. Pharynoeel region second stage juvenile. P. 
Anterior reaion fenale. E. Tail second stage 
juvenile. F. Posterior region male. G. Lateral field 
.male. H. Lateral field second stage juvenile. T. 
Cyst. 
Fig. 6. Heterodera iri A. Vulval cone showing 
underbridge; B. Anterior region of cyst 
showing bullae-like structures. 
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Fig, Heterodera mani A. 
female; 
E. Tail juveni le . 
Secotid stage juven i le ; B. Anterior end 
C. Pharyngeal region second stage juveni le ; D. Cysts; 
second stage juveni le ; F. Latera l f ie ld second stage 
Fig. 8 Heterodera mani A. Fenestra; B. Bullae; C. 
Vulval denticles. 
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Heterodera cajani A. Pharyngeal region male; B. Pharyngeal 
region second stage juvenile; C. Pharyngeal region female; 
D. Tail second stage juvenile; E. Lateral field male; F. 
Posterior region male; G. Lateral field second stage 
juvenile; H. Cysts. 
Fig . 10. Heterodera cajani from pigeon-pea (Cajanus 
cajan). A. Vulval cone showing fenestra/ vulval 
slit/ vulval bridge and basin; B-C. 
Underbridge; D-E Underbridge and bullae. 
Fig, 11, Heterodera 
(Phaseolus 
vulval slit; 
Bullae and underbridge. 
cajani from black gram 
munqo). A. Fenestra and 
B. Vulval bridge; C. 
Fig. 12. A-C Heterodera 
esculenta). A. 
basin; 
cajani from lentil (Lens 
Fenestra/ vulval slit/ vulval 
B. Underbridge/ bullae and bridge and 
denticles; C. Underbridge and bullae. D-F. H.cajani 
from millet (Sorghum vulqare). D. Fenestra/ vulval 
slit and vulval denticles; E. Bullae and 
underbridge; F. Underbridge and vulval denticles. 
Fig. 13. Heterodera ca jam from sugarcane 
(Saccharum officinarum) . A. Sheaf organ 
and underbridge; B-C Bullae and 
underbridge. 
Fig. 14. SEM of Heterodera cajani. A. Lateral view of 
vulval cone showing vulval slit and cuticular 
pattern; B. Zig-zag lines at mid body; C. Cyst. 
Fig. 15. Heterodera neocajani sp.n. A. Second s tage juvenile; 
B. Pharyngeal region second s tage juveni le ; C. 
Anterior region female; D. Tai l second stage juveni le ; E. Lateral field second stage juvenile; F. 
Cysts. 
/ ^ ^ 
Fig. 16. Heterodera neocajani sp.n. A. Fenestra/ vulval 
slit/ and vulval bridge; B. Underbridge and 
bullae; C. Vulval slit and vulval bridge; D. 
Underbridge and bullae. 
Fig . 17. Heterodera oryzicola. A. Second stage juveni le; B. 
Pharyngeal region second stage juvenile; C. 
Pharyngeal region male; D. Lateral field male; E. 
Pos te r io r region male; F. Tail second stage juven i l e ; G. Lateral f ie ld second stage juvenile; H. 
Cysts . 
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Pig, 13. Heterodera trif olii A. Second stage juvenile; B. Anterior 
end second stage juvenile; C. Lateral field. second stage 
juvenile; D. Pharyngeal region second stage juvenile; E. 
Tail second stage juvenile; F. Cysts. 
Fig.19. Heterodera trifolii A. Fenestra/ vulval 
slit/ vulval bridge and basing B. 
Underbridge with central thickenings; C-E. 
Lateral view of vulval cone showing 
underbridge/ sheaf organ and bullae. 
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F i g . 2 0 . Heterodera zeae A. Second s t age j u v e n i l e ; B. Pharyngeal 
reg ion second s tage j u v e n i l e ; C. Pharyngeal reg ion male; 
D. An te r io r end female; E. P o s t e r i o r region male; F . T a i l 
second s t age j u v e n i l e ; G. La t e r a l f i e l d second s t age 
j u v e n i l e ; H. La te ra l f i e l d male; I . C y s t s . 
fe-r. 
Fig.21* Heterodera zeae A. Vulval cone showing 
fenestra! vulval silt and basin; B. 
Fenestra and vulval slitj C. Vulval 
bridge; D. Four finger-like bullae just 
below the underbridge; E. Bullae 
immediately below the finger-like bullae'. 
Fig.22. Heterodera zeae A-C Lateral view of 
underbridge showing striated vaginal 
wall. 
— 
— 
Fig . 23 Heterodera qraminis A. Second stage juvenile; B. Pharynqeal 
region second stage juven i l e ; C. Pharyngeal region male; 
D. Anterior region female; E. Tai l second stage juveni le ; 
F. Poster ior region male; G. Lateral f ield male; H. Lateral 
f ie ld second stage juveni le ; I . Cysts . 
Fig. 2i^. Heterodera mothi A. Second stage juvenile; B. Pharyngeal 
region second stage juvenile: C. Pharyngeal region male; 
D. Anterior region female; E. Tail second stage juvenile; 
F. Posterior region male; G. Lateral field second stage 
juvenile; H. Lateral field male; I. Cysts. 
Fig. 25. Heterodera mothi» A. Lateral view showing 
bullae; B. Sheaf organ and underbridge; C. 
Lateral view of an old cyst. 
Fig. 26. Heterodera mothi A. Vulval cone showing vulval 
slit and cuticular pattern around fenestra and 
anal opening; B. Subcrystalline layer on cyst/ C. 
Cyst. 
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Fig . 2" .^ Heterodera 
Pharyngeal 
region male; 
stage juvenile; 
second stage juveni le ; 
v a r i a b i l i s sp .n . A Second stage juvenile; B. 
region second stage juveni le ; C. Pharyngeal 
D. Pharyngeal region female; E. Tail second 
F. Poster ior region male; G. Lateral field 
H. Lateral f ield male; I . Cysts . 
Fig. 28. Heterodera v a r i a b i l i s s p . n . Vulval cone 
showing vulval s l i t / vulval bridge and fenestra; 
B. Underbridge and bullae; C. Bul lae . 
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F i g . 2 9 . Effect of var ious concentration of leaf extract of 
water hyacinth on body volume and a c t i v i t y of second 
stage j u v e n i l e s of Heteredera avenae. 
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Effect of var ious concentration of root extract 
water hyacinth on body volume and a c t i v i t y 
second s t a g e juven i l e of Heterodera avenae. 
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Fig >31» Effec± cf various ccncentration cf stem extract of water hyacinth 
on body votluine and activity of second stage juvenile of Heterodera 
avenae. 
« 
B 
3 
•3 
> 
>> 
1 
^ 
« 
? 
JC 
V 
t 
u 
26 
20 
16 
10 
6 
0 
- 6 
TW DW tlOO 1:200 
Concentrations 
1:600 1:1000 1:2000 
Pig .32. Bf£ect c£ various concentration of root extract of wheat 
(Tritioum aestivum) on body voluine and activity of second 
stage juvenile of "Heterodera avenae. 
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Fig.33. Effect of various concentration of leaf extract of water hyacinth 
on body voluine and activity of second stage juvenile of 
Heterodera lothi* 
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Fig .34 . Effect of various concentra t ion of root e x t r a c t of 
water hyacinth on body volume and ac t iv i ty of second 
stage juvenile of Heterodera mothi. 
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Pig. 35. Effect of various concentration of stem extract of water 
hyacinth en body vcQune and activity of second stage 
juvenile of Heterodera mothi. 
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Pig. 36. Effect of various concentration of root extract of weed grass 
(Cyprus rotundus) on body voluroe and activity of second stage 
juvenile of Heterodera mothi. 
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Fig. 37. Effect cC various concentration of leaf extract of water 
hyacinth on body vQlume and activity of seocnd stage juvenile 
of Hetarodera zeae. 
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3B. Effect of various concentration of root extract of water 
hyacinth on body volume and activity of second stage juvenile 
of HeterodCT-a zeae. 
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Fig. 39. Effect of various ocncentraticn cf stem extract cf water 
hyacinth on body voluine and activity of second stage 
juvenile of Heterodera zeae. 
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Pig- 40. Effect of various concentration of root extract of maize (Zea 
mays) on body volume and activity of second stage juveniles 
of Heterodera zeae. 
